@ oo
CivildHee
duidell duwsigl pand) daoysSYI dislll

www.Civilittee,.com

*e

d.uuug.)

*9

CJ\balg.o

toijlaidl 3o

@www.civilittee.com - = @ CivilitteeHashemite GCiviIittee HU |/ dall dicd




a ) cpan ) Al A
g iy laall B3 548l Baba e oLy il sall 33k s

‘\-Iuj.ﬂ\ a&u.qm.u

Al e
.oﬂ@\gmioﬁhgudﬁjz)ﬁs}gu; A S s CJ'“‘

LA glaall ol gual) Al e

o lad) daaa 1 dlac )



: oSl Shaual g dAaal pall g

.Lé}j %Aﬁ a&émeslat.\‘lﬂﬁj a"MM\ UAJ.\JSML@_\SJAJJJ MJ salall 0la
salall | & sl el Balal) Jaalis lagl ) g o83 ¥ dauaill 5 ST Jall e 4 jlaas
odw\o&édﬁjﬂheﬁgbjj&h3dcm$@4md@&

V5 oM (2 o gl piaag B Y ) slad] a5 a5 pd 2¢ 128
Cei ) daaa 1 dlac)



T30 OF Al ABa dpwgal) oda

( ALkl daas e ) 32a) alall 3 s

P pevey



Importance of Transportation to Economy:
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Transportation as a Share of Consumer Spending
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In Jordan according to DOS statistics:
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e Average Annual Income HH JD 8823.9 (2010) aa) ¢l 3 ) Lagj.LA\ JAA Jaxa

HH: House Hold ccolaal) 8 oS il g anl s e O siS o) i de sana 1 B

e Private vehicle ownership 45.7% (2012)
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e Housing 27.8% (2010)
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e Transportation 17.2% (2010)
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e Health Care 2.7% (2010)
e Education 6.5 % (2010)
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Transportation:

Movement of people and goods
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Modes of Transportation:
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1. Highway Transportation (cars)
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2. Rail Transportation (trains)
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3. Air Transportation (airplanes)
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4. \Water Transportation (ships)

CulS Jla b ddle 48Kl 5 Lala¥) 8L o & e oy 43 gl pa € gh g daland) [l 2 V) J (alail) 4
35S Calilisal)

5. pipeline Transportation (oil, gas,...)
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Roles of Transportation in Society:

A. Economically: ApalaBy) dpalil) (e 50 Jf , claainal) B JAI 9
1. avallability of goods and services G Ao gl g cilaadd) g adllad) b g
Aaisy|

2. effective use of natural resources
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B o

expansion of trade

. decentralization of industries & promotion of regional

specialization b sia A Ll de gana
increasing large scale production & reducing the cost of : yan A ad AR
production ) * &
providing competition that produces low prices & high

quality
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Transportation level is an index of economy and development.
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Index of Economic Impact of Transportation (red = worst, green = best)



B. Socially:

1. provides mobility for cultural, recreational and social purposes
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2. Affects population distribution and housing requirements
3. Affects employment opportunities G, Sl Alala A Hig Laagl g S 68 A s Jaill
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Mobility model in Smart Town
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» PRT Station : Personal rapid transit
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» LRT : Light rail
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» Neighbourhood centre Cliraall Jia elal¥) Cilrand € e

Place of worship School Public Park Work places

5 Al sed) dal Al 30k e La) agall Al g Jeadl Sy (g laall g ilaall
e 300 st yhd (ad Adlus (3 b e agdl Ja ll 5 (5 sl

C. Environmentally:

Its pollution affects the air, water & land qualities
which are dangerous to human, animal & plant
lives.
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The Climate Impacts of How We Get Around

Transportation accounts for over 23 percent of all global carbon dioxide emissions,
See what modes of human transport produce the mast emissions per kilometer.

CO7 Emissions Per Passenger (grams per kilometer)

&" - Passenger Car 124.5 Llil_.\s‘).dj‘ C)A &i\k.\..bﬁj‘ Oﬁﬂ\ J...M.AST J_tji
m - Two-Wheelers 83.0 . QL.‘SJAJ\ L}A JJ\-‘AM_EL;J.\J‘ CSM d :\'AL‘.A\;!\A.
W City Bus 66.8

e ... palaiY) aae 52l 3, s SH 2l (B e il
U 2 g8 o) eIia 3L ) e <l ) el Al
m Coach 34.3
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CO5 Emissions Per Passenger (grams per kilometer)
Lo ] - . N e % o a\ S
B Sl sl et Cani Al s (A5 LSl
~ - -
Air 130.2 -
_ Passenger Car 124.5
Rail 45.6

Maritime 43.1

mr
e O 1 Coach 34.3
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d Q(Years). A mode of Transportation that is considered to emit the
lowest CO2/Passenger Car is ?
Ans. Coach

2. The mode of transportation that is considered to emit the highest CO2/Passenger among the
following modes is: *
(0.5/0.5 Points)
Automobiles -~
Ships

Motorcycles

Trains



D. Politically:

1. increase the ability of the country to defend itself

2. promotes the political unity of the nation
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J Q(Years). List the roles of transportation and explain each
role by listing two functional per each ?
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Transportation Engineering

Transportation Engineering is a branch of the engineering
that deals with planning, design, & operation of various
transportation systems and their components, to achieve
a safe, efficient, convenient and economical movement of
persons and goods.
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* Planning : To plan for facilities or for modes of transportation

CJal Jiti gl ol 53l sell el

* Design : Design the alignment

* Operation and management : to run the facilities effectively while
keeping the users safe and reducing travel time

sk ol ol Lo AlSEa sal ciaa | Ll sall i A & sinse 8 Bghad Jgf o2a
Cra B yS i) 48y dalg a gy 09 Y Jandadil) A g Jail) Jil o] Aiiea Apdaat i
8 L aidaxd S5 ¢ g gall 138 5 (5 S o lie & 0Ll sall sl (Y ) gl

. Ol gl dia ol




&jm}a\_uﬂuj&b‘u\ d#\M}MMDJLA@MHJ&F}AM\MJ

ol sall i gy 5yl alad Y1 e Leian 5 Lggle Jaliad) oy 5 i iy (o BLASAY S
JJJAM aduéahb&jm).d\ \MJMJ}JAJ\

Transportation Problems:

1. Congestion, pollution

2. Energy problems &&‘5 ) 5 Lr‘j‘ dsw‘ & L o9 els Y
"L,,_Al.c j\ ;,J;A(SS...ML_\)\..A\)A\ j\ Jaill

3. Environmental problems

4. Safety problems
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Highway Safety

Congestion in Urban “Freeways”
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System Approach to Problem Solving:
ks ol C Ml gall e g AELD Jad Jadadl) il ghad

1. Identifying the problem

2. Defining goals and objectives in solving the
problem

3. Searching for alternative methods of meeting
the requirement

4. Choosing & developing the best alternative

5. Implementing its operation
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Trends in Transportation Development
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1. Integration of transportation systems

@ Integrate the networks

Plan globally

Invest in intermodal platforms

Promote market opening

Connect to neighbouring regions
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2. Optimization of transportation systems
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Improve
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efficiency Assure
while reducing safety and
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2. Optimization of transportation systems

Dramatically
improve the
end-to-end
traveler or
customer
expernence

Predict
demand and
optimize
capacity
and assets

Improve
operational

aefficlency Assure
while reducing safety and
environmental security

impact
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3. Employment of computers & new technologies

-
r/
“Z () —

COMMUNICATIONS —

TERRESTRIAL
BROADCAST

Intermodal Eaa U}
MOBILE Communications
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Navigation

) ) i Passenge Travel
Vehicle-to=Vehicle "#2 Information_ Assistance
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fr Traffic Signs
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Adaptive > Trip
Cruise Con Planning
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4. Minimization of energy use

Onsite renewable Energy [ g—ﬂjs LA’C d& , uu‘ @‘&M‘ ‘} JM‘

and water prndur:.tlm "--__________
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and zero-waste
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5. Increasing efficiency of existing facilities
Safety, Congestion, Schedules, Pollution, Prices ...etc.
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Physical elements of the transportation system:

1. Travel wavys
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2. Terminals
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train stations

3. Carriers

= trains
automobiles
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Transportation Planning

* |tis a methodological process of preparing physical

facilities and services of modes for transportation
needs
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* 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
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BASIC ELEMENTS OF TRANSPORTATION PLANNING

1. Situation definition

2. Problem definition JAY) Jila g J Jadads J Aaldld) &) gladly

3. Search for solutions

4. Analysis of performance
5. Evaluation of alternatives
6. Choice of project

7. Specification and construction
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4. Analysis of Performance:

* 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.

* |nvolves the use of mathematical models for estimating travel demand.

* Determine use of the system (such as trip length, travel by time of day,
and vehicle occupancy)

. Environmental effects are estimated
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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.
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O Q(Years). In transportation planning process, Computing the
Benefits and Costs that will result if the project is selected, is
performed within the following step ?

Ans. Evaluation of Alternatives



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
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7. Specification and Construction:

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

= This involves its physical location, geometric dimensions, and
structural configuration.
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Situation Inventory transportation facilities, Measure travel

definition patterns, Review prior studies

Problem Define objectives (e.g., Reduce travel time), Establish

definition criteria (e.g., Average delay time), Define constraints,
Establish design standards

Search for Consider options (e.g., locations and types, structure

solutions needs, environmental considerations)

Analysis of For each option, determine cost, traffic flow, impacts

performance

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
elemants-cf the facility anc-sreate construction plans




Example: Planning the relocation of a rural road (simple, yet

good enough to explain the steps...)
Step 1: Situation definition:

» to understand the situation that gave rise to the perceived need for a transportation
improvement
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figure 11.2 m Location Map for Highways U.S. 1 and U.S. 1A

(to Canada)

Columbia

U.S. 1 to Gulf of Maine
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figure 11.2 m  Location Map for Highways U.S. 1and U.S. 1A

(to Canada)
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Purpose of the step: Describe the problem in terms of the objectives to be
accomplished and translate those objectives into criteria.

Example:

@ Objective = Statements of purpose: Reduce traffic congestion, Improve safety, Maximize
net highway-user benefits, etc.

@ Criteria = Measures of effectiveness: Travel time, accident rate, delays (interested in
reductions in these measures of effectiveness (MOEs)
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Step 4: Analysis of performance

> Estimate how each of the proposed alternatives would perform under present and

future conditions.

Table 11.1

Measures of Effecriveness for Rural Road Alternatives

Criteria 0
Speed (mph) 25
Distance (mi) 4
Nravel time (min) 8.¢
Accident factor® -+
Construction cost ($ million) 0
Residences displaced 0
City trafiic
Present 2620
Future (20 years) 4350
Air quality (pg/m  CO) 825
Noise (t”':-‘\_',‘ TS
Tax loss None
['rees removed (acres) None
Runoft None

* Relative to statewide average for this type of facility
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Table 11.2
Ranking of Alternatives

Criterion/Alternative

['ravel time

Accident factor™

Cost ($ millions)
Residences displaced
Aiar quality

MNoise

T ax 1-.}3-33-3

T'rees removed l:.n‘r-:"a}
Increased runoff

Note: 1 = highesto; 5 lowest.

= e ) oL e B

* Relative to statewide average for this type of facility.
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4 3 2
2 3 4
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Criternnonv/Alternative

Alternatives

-
C.
@
%
C
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Travel ume
ccident factor’

=,
WCost (S millions) '\i('®

Residences displaced
\ ir quality

Noise

j.' ax loss

il rees removed (acres)
increased runofl

O 6 [N 1 &
4 ] 3 3 2
5 2 4 3 I
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| 1 3 2 1
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* Relanve to statewide average for this type of facility.
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1. In transportation planning process, Computing the Benefits and Costs that will result if the
project is selected, is performed within the following step: *
(0/0.5 Points)

Searching for solutions
Analysis of performance
Evaluation of alternatives -~

Problem definition



Urban Transportation Planning UTP

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

« For example, the construction of a new shopping center, airport, or
convention center will require additional transportation services.
Also, new residential development, office space, and industrial parks
will generate additional traffic, requiring the creation or expansion of
roads and transit services.
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1. short-term:

= 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.

= |nvolve 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.

AN NN
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2,

long-range:
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,

rapid transit systems and extensions,

or access roads

N N X X

buaa pealic dilaf e | 4w 20 3aal Jleddy o 55 o) Jual), el Alysh ay Liia
Mjaj\ohﬂjﬂé\_\j\.cu.\j&o&jck@,Jm,mhuwuj&.lﬂ’&#\‘;s
 lan alSe asy i o) A JS (5 AT 3 50 03l 5 4ndgr Bl (1 puaal) g Ay gha (oSG
S Aalally @ile ) dalal Jull g saas clbaly o jd | 3aa Clal ga da ghd ddl)
O iy U Jaladill g ) 534 5, Aag pedl (3 k) dead daadie jbie , daa slae
, sl paldl ) sl | (6 gle (e 058




2. Which of the following projects belong to short term planning (you may choose more than one
answer): =

(0.5/0.5 Points)

Adding a new bus line
Traffic signal timing plan -~
Bus Rapid Transit (BRT)

Reserving a bus lane -~

.....



Comprehensive Urban Area Transportation
Planning Process

Establish Goals amnd Obyectivees
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Comprehensive Urban Area Transportation  dasil) sy wii ¥ juadll saall e 565 Sl ag jliall
Planning Process Jishll adl e 688 Al ag Ll e A3

Establish Goals and Objectives
Relating to Community Development *
and Trandportation Service

v

Irventary Existing Conditions
* Population - Ecanomic Activity

Land Use
2 * Transportation - Facilitkes: and Usage
* Travel Pattemns / Surveys

* Resources

Analyze Existing Conditions
Use - Travel Relatianships

-
3 * Transportation Models
* Needs and Ceficlencies

Short-Range Llement:
Long Range * Transponation System and
Elernent | Demand Management

* Access Management
= Congestion Managemant

Forecast Land Use -
- Population -
Employment




Urban Transportation Planning

Why Functional classification is important?

It is @a method of communication among Engineers, Administrators,
and the General public.
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Functional Classification

« It is the grouping of highways by the character of service they
provide, and it was developed for transportation planning purposes.

« It is an importatnt planning tool, and it is considered as the
predominant method of grouping of highways
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Hierarchies of movement and Components

The complete functional design system provides a series of distinct
movements.

There are 6 recognizable stages in most trips:
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Termination (parking) (V6)
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Access (direct approaches to individual residences or other
termination) (V5)
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Distributioh (moderate épeed arterial) (V3)
Collection (penetrate neighborhoods) (V4)
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Transition (ramps, loops) (V2)
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Main movement (Principal arterials such as freeways: high
efficiency and mobility) (V1)
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Arterial

ramps

loops
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possible free right turn

loop
ramp

Y
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u: speed v:volume
aclud) B s sall 23

ul > u2 > u3d,u4 > ub > uéb
vl >v2 >v3,v4d > v5 > v6

JalE (5 )5 yall aaall a8 ac yudl o) e Ja LS L85l o) LS



Gu.u)d_u_buﬁg_us u&ht@muﬂ;w\é CM\@QM\O&
@u‘d-u-u‘ﬁsz’u)}d‘u—*#‘“—ﬁwﬁw}uJﬂe‘w‘J‘e‘M\éuﬂﬂj
z) S A (s

Movement heirarchy is based on the total amount of traffic volume

dQ(Years). Movement hierarchy is based on ?
Ans. Total amount of traffic volume



'he Cross Bronx Expressway in New York, United States

Freeway : Full access control
3y (5 sia o adalsiad an 5 Vg 4y g die 55l g Jdall (S Y

Expressway :
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interchange : intersection :
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Highway Functional Classification

1. Land access roads: provide access to property, traffic volume is low

AL (g 5 el aaadl g AaSul) ela ¥ s JLa J dgasall 3kl

2. Collectors: provide access to higher type roads, these include
primary highways and secondary urban arterial highways and other
collector roads.




3. Major Arterial: provide primarily for relatively high volumes of traffic

between population centers, this includes primary state highways
and major urban arterial highways
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4. Freeways: they connect large population centers, carrying heavy
volumes of traffic, long distance in and around metropolitan area,
provide no access to abutting property
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Arterials

o «

® higher moblity adall L) 4

¢ low degree of access

Collectors

® balance between mobddy and access

Locals

Land Access

® lower mobility
¢ high degree of access
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access = 0 — Mobility = Access

Full Mobility Example #3 and #4
Example: #1

Mobility |

Access T Mobility T

Access |

Land Access

Mobility = 0
Full access
~Example: #6

Fraoigaisgel wiin fras varsian of Weliarrzindy, Full varsion dassin't aui



access
function

unrestricted
access

increasing use for
access purposes

decreasing degree
of access control

complete access
control

H

L 4

cul-de-sac

local

collector

minor arterial

major arterial

expresswway

freeway

1 >

no through

traffic

increasing proportion of little local
through traffic, increasing traffic
speed

movement function



Relation Between (access function) and (movement function)
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movement . -5 Ji
cul — de — sac = dead ends T
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Termination(Parking) 285 e |
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no through increasing proportion of little local
affi through traffic, increasing traffic
speed
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through traf fic mean
movementis ~ (0

Access is very hight
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little local traffic
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expressway freeway

1 — movementis higher in freeway

2 — full access controlin freeway

little local traffic ¢ &S i



Top view

>
©
3
Q
2
-
o e
Collection —é_._
2
S
-~

Main Movement =

Distribution
ﬁ 1
=7

Sy i ) Al s Al o)
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— Main movement (Principal arterials such as freeways: high
efficiency and mobility) (V1)

Freeway
— Transition (ramps, loops) (V2)
H — Distribution (moderate speed arterial) (V3)
— Collection (penetrate neighborhoods) (V4)
YR o / — Access (direct approaches to individual residences or other
? termination) (V5)

Arterial

\ / — Termination (parking) (V6)

Hierarchy of Movement
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NE— Freeway to Arterial by Ramp

Freeway
<F

comecrion B || Temmes % Main movement TI'ransition
:; ﬁDl.s;;;buhon \
N Distribution
Arterial to local then driveway(Park)
— Main movement (Principal arterials such as freeways: high
efficiency and mobility) (V1)
— Transition (ramps, loops) (V2) Access

— Distribution (moderate speed arterial) (V3)
— Collection (penetrate neighborhoods) (V4)
— Access (direct approaches to individual residences or other

termination) (V9) djld‘ "“ d"d‘ 0& O O Y

— Termination (parking) (V6)



oin ovement driveway(Park) to local then Arterial

Freeway
NY

D o e
, Collector

- P — “# [\, Access
NV

Arterial to Freeway by loop

Driveway

(Eolle{\Lr

— Main movement (Principal arterials such as freeways: high
efficiency and mobility) (V1)

— Transition (ramps, loops) (V2)
— Distribution (moderate speed arterial) (V3)
— Collection (penetrate neighborhoods) (V4)

— Access (direct approaches to individual residences or other
termination) (V5)

— Termination (parking) (V6) ot . . £ N
PR Jardl GlSa J Jiall (e (g (o) usal) Lin



d Q(Years). One of the following roads has little local traffic and
accessibility is controlled to a high degree ?
Ans. Expressway

What function freeways provide: *
(1 Point)

Ans. Mobility



Functional Classification

* Thus functional classification groups streets and highways
according to the service they are intended to provide.
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+ Inividual roads and streets do not serve travel independently.
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Definition of Urban and Rural Areas
urban: 4 pas dihis rural: 44 ) Adhia

* Urban and rural functional systems are
classified separately since they have different

characteristics with regards to:
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— Density and types of land use
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— Density of street and highway networks
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— Nature and travel patterns

dalia @y a2 Gl Ca ) alhea i ol Ol | e ) o)l e adiag Gl
CMa ) e (e O5SH & ) Al (8 0SS Ol dee OO A 03 Ailisa
any pa Lghay ) LSy pualiall oda | 4308 il



— The way these elements are related
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Definition of Urban and Rural

Areas
e Urban Areas:

= Places within boundaries set by the
responsible agencies/officials within the
country having a population of > 5,000
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Urbanized areas
2 50,000

Urbanized or Metropolitan area

Small urban areas i
Sy Sub — Urban areas  (~s<l

Dr. Randa Ogab Mujalli

Urbanized o cansislgzsins 51 50000 oo ST Sl axe oIS @)
Ll 3 50 Y A sl shaliall (e Bl 0555 el ikl e (5 5<5 Al g ol gl slaliag
Small urban areas < 35 5000 o= Ju ¥ 50000 o=

Rural Areas:

Those areas outside the boundaries of urban
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Generally, the heirarchy of the functional systems consists
of:

1. Principal arterials (for main movemets)
Minor arterials (distributers)

Collectors
Local roads and streets
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In general, / Al ) (ghaliall @ Ad e | L

» Inurban areas there are relatively more arterials
» Inrural areas there are more collectors
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: LEBE nd Type equation here.

U City
B Town
e Village
Arterials
- Collector streets

_ Schematic of a rural highway network
serving towns, villages, and cities.
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Collector = distributers
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Schematic Hlustration of a Portion of a Suburban Street Network
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1 Q(Years). Urban and rural areas in Jordan are defined according

to the following ?
Ans. Size of population

d Q(Years). An area is considered to be a small urban

area if the population count is?
Ans. Between 5,000 and 50,000 inhabitants



Trip Phases

— origination (driveway)

— access (local road)

— collection (collector)

— transition (ramp)

— main movement (arterial highway)
— transition (ramp)

— distribution (collector)

— access (local road)

— termination (driveway)
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Hierarchy of Movements and Roads

Your friend’s
house

Access
(local)

Termination

drivewa

Distribution

(collector)

Collection
collector

Access
(local)

7

Origination
drivewa

| 5 P ST

== Major
Highway

== Local
Roads &
Streets

Main movement
(arterial)

Your house
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Urban Transportation Planning Process (UTP)

Consists of 9 steps

1. Coding and Zoning

2. Inventory Studies (land use, socio-economic characteristics, link
volume, link capacity, travel time)

3. Travel Studies (OD surveys)

-

Forecasts for the Horizontal Year (for design year estimates for:
population, employment, land use, economic &social activity)

Trip General Analysis
Trip Distribution Analysis
Modal Split Analysis

Network Assignment Analysis

© ® N O O

Evaluation (alternatwes are compared based on system
erformaice- & enviremmesital inmpagst)
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BASIC ELEMENTS OF TRANSPORTATION PLANNING

1. Situation definition

2. Problem definition Gﬂ"""" AAJ*:‘ ?3 L ‘..JA
3. Search for solutions

4. Analysis of performance

5. Evaluation of alternatives

6. Choice of project

7. Specification and corstiucCtion



Urban Transportation Planning Process (UTP)

Consists of 9 steps

1. Coding and Zoning

Situation definition
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Analysis zones for transportation study (TAZ)

Charlotres
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Thoroughfare System A :
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(J1- Coding and zoning : The map of study area , should be obtained
and it should be divided into a smaller homogeneous area each of
which will be called traffic analysis zone (TAZ) .

»Study area : The area where the problem exist,
S gy 2 5y 30 Aiaial) a5 Al o)) i
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»The division into these TAZ depends on the following :

1- Follow the administrative (political) borders (boundaries )
; hliall dapudi 3L 5 081 g 3halie ) danie Jlee diaa

* If these above area still don’t have homogeneous characteristics
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d Homogeneous Characteristics
1 — Income Level
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2 — Auto ownership per HH
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3 — HH size AV dae (gl daw gia | Byl aaa

4 — Job status Y al oleny Ja | Jand) dagida

Point 1 to point 4 called Socio — economic characteristics
dpalaidy) s laiay) (ailadll



d Trip maker Characteristics
1 — Daily # of trips

2 — Modes of transportation

Q)\;J\sz (AJ;)S\@M)d})\ueﬁgﬂ\u@\u@ma\uﬂhy
,oh\}\ow‘)f\du);‘)5ddmsuyw\o&uAdlL.uL;d\

1 Man made features 9
1 — free way or railway ,wall,bridge '
Ao Hll 8 iaga ga LS (prialaia ) A8laial) dendly o gy (33 b 2 9a g

d Natural features

1 — river, lake, mountain, land use



»Note 1 : Population per TAZ < 1000
> Note 2 : Don’t create TAZ within another TAZ

A Al J e ¢

QCooding : 4wl Jalas jxaall 28 )Y axi Sia jey gl a8 ¢llac)
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» Homogeneous characteristics try to forbid trips in the same TAZ

» Natural features then Man made features then land use and

Last point Socio — economic characteristics
oaiiad Jea ladiind dla 8 ) Gl gleall 028 pan iy 43Y Ay Al
e o adai al Jla g asl 1) ddatall (o fan Y Al dadaiall

25 Y Adaiill Jdsaie o SV s shall a9 oS3l Qb Grag ) dl
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2. Inventory Studies (land use, socio-economic characteristics, link
volume, link capacity, travel time)

" a8l ol " daadl o) dnan Sl il sall (e Ll e slaall prend anati ddadill s2a

e Land use :

daalall Dl J aadls lae 8 ci€ 1Y) | ol Y aladia) oo dalall clu all
ji&lﬁf&ﬁédﬁé} W?‘M\&ijﬁg\d‘bm‘&é}ij
@jaapﬂ\utbw\@uw\jwmm «m\j\uu;@u\@m\j

e Socio — economic:
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e linkvolume :
a5 A 5 e bl 2 dee 3l @il G e ol IS5 JRAI gy 0 55 3 yhall 2805
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* link capacity :
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e Travel time :
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3. Travel Studies (OD surveys) Type equation here.

\

D:destination

0:Origin
138 (e Loy )l Al il slaad) Lo ) i) 5 5 o 581 Ladie | sl o dals il
dosl 2 a5 g Cagl (51 ey il cpl g Aa 1) 0 AalAl) Sl glea © lasi)
sl Sl (585 38 5 Al Jadd oo dglad) Adas 0S5l da iy ¥ | sl pailiad
u@}\wuw&\um@ug\ﬁm

For Each TAZ in my study area (SA), if Study area contain 1000 TAZ

Its enough to take a representative sample of the Study Area population

055 LalS 5 Jasd Ao 3L et g LSl ZAST L) a5 538 g pal) o gl ¢S
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* detailed data should be gathered
(4nal )l zalall) cbluall i Lgaladinl ) (o g 43y

» 0 — D survey normally collect the following info :
1 — Socio — economic characteristics

A — HH size
B — Annual HH income
C — Job status
D — Auto owners



Letandal g O HI 3 jaaad) ailladll oy deag e Y S
2 —Trip Maker characteristics

A — # of daily trips
B — Modes of Transoprttion used ——> lgalaiiuf a3 Al cual gall 222

C — Job status
1. Home-based work (HBW)

D — trip puropse —> i, , .,
, , 2. Home-based other (HBO) = &1 1y s
E — trips/ day / time (HBO) ala¥) J adasil) o2a

3. Non-home based (NHB)
F — Length of trip (Time )

G — Cost of trip
;AN ALl J s g

Walk Bus Taxi Walk

0 1 2 3 4



4. Forecasts for the Horizontal Year (for design year estimates for:
population, employment, land use, economic &social activity)

4.1 Trip General Analysis

4. 2 Trip Distribution Analysis Four steps demand model

4.3 Modal Split Analysis Osme Y ol Auliia (5585 ¢l glad o3
) 3 ghadl) (148 3 ghad Jac
4.4 Network Assignment Analysis

Al ) Aadaill b Jany Al el a4 g dxal 3 ghadl) diacaic Lalaill o2d aien
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Evaluation (alternatives are compared based on system
performance & environmental impact)
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Demographic Travel
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Four hasic elements of the urban transportation forecasting process

Data collection
(population, land

Economic activity (employment, sales volume, income,
etc.), land use (type, intensity), travel characteristics (trip

use, etc.) and traveler profile), and transportation facilties (capacity,
travel speed, etc.), population and demography, Origin-
destination trip data.

Analysis of existing | Analyze the data collected in the data collection stage. You

conditions and may build mathematical models describe the existing

calibration conditions and then use the relationships you have found
in the existing parameters to forecast future values.

Forecast of future | 4-step transportation demand forecasting process

travel demand

D8 J ade s 3l Jsaall a 138
S Vaas 4 i Ll Lo e g (53

S 5O 6S adl) e g3z 2AI 3 sladl

(Aggregate Sequential Demand Modelsp—m———m—ey. 10 Cila slaa ( s o Als ) A

Analysis of the
results

Analyze what you get from the 4-stop demand forecasting
process

13S0 5 Al Ala ) &3 e s Al ye



Link-node map for highway system

* Link-node maps are the starting point for the 4-step
transportation demand forecasting process
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4-step transportation demand forecasting
process

* Preparation: population and economic analysis
and land use analysis

Trip generation | Determines how many trips each activity (center) (residential
area, commercial area, etc) will produce or attract

Trip distribution | Determines the origin or destination of trips that are
generated at a given activity

Modal split Determines which mode of transportation will be used to
make the trip

Traffic Determines which route on the transportation network will be
assignment used when making the trip




(2 Lalaiiil oy (o g g Wi Lgman a3 (Al g Gila glaal) aladtind 4y Ll
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Trip generation | Determines how many trips each activity (center) (residential
area, commercial area, etc) will produce or attract

d Trip Generation :
1 — Trip Production
2 — Trip Attraction

Trip Production : # of daily trips produced from each TAZ in the study Area

Trip Attraction: # of daily trips attracted to each TAZ in the study Area



1 — Trip Production(Pi)
¢ ladae oS, ¢ Cla il oda A3 (5l (e
Ll sasa s TAZ IS (e oAl Gl e sl D3l 220 4
2 — Trip Attraction(A4j)
¢ ladae oS ¢ Cola Il ol i ol I
Lialtasase TAZ IS Jasd Al 4 pll Qs 2o
i: denotes the zone of production

J:denotes the zone of attraction

100 trips per day

§

100 trips per day
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Trip distribution

generated at a given activity

Determines the origin or destination of trips that are
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Modal split | Determines which mode of transportation will be used to
make the trip
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Traffic Determines which route on the transportation network will be
assignment used when making the trip
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A) TRIP GENERATION:

« Trip generation analysis has two functions:

(1) to develop a relationship between trip end production or
attraction and land use

(2) to use the relationship to estimate the number of trips
generated at some future date under a new set of land use
conditions.
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zZone |

1. Home-based work (HBW)
2. Home-based other (HBO)
3. Non-home based (NHB)
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Home to Work (HBW)
Work to Home (HBW)

Home to Shop(HBO)
Shop to Home (HBO)

Shop to Work(NHB)
Work to Shop (NHB)

(a,b,e)

(c,d)

()



Transportation Demand Forecasting

Cross-Classification: to determine the number of trips that begin or
end at the home

'593‘5 , Cross — classification * 9 B ghasll (st Aadiiisall (3 yhall AN
, @l GBla y aae el agaladtil Sy g WY OOla ) dae 138l (3 Hhall aal (1
) Y J 0SS salally oS

Lgalaiiinl & el a5 Il o g ) Tag ) o L algn ) el )

The first step is to develop a relationship between socioeconomic

measures and trip production. \
/ 1 —Socio — economic characteristics

4y alaiay) Lile A — HH size
B — Annual HH income
C — Job status
D — Auto owners




The two variables most commonly used are average income and
auto ownership.

a2 ae dabaiy) 5 delaial) (alliad Gunlie o L dle
C bl 480 g Jaall o paibadll A agaladin) o5 cplde S

Other variables that could be considered are household size and
stage in the household life cycle.

~

L G ) oy i€ 13) 5 b e
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1 Q(Years). Cross classification is used to determine ?
Ans. The number of trips that begin or end at the home

d Q(Years.) In transportation planning process , Modelling the
demand is performed within the following step ?
Ans. Analysis of Performance



» Example: A travel survey produced the data shown in
Table  « This table represent 1TAZ from study area

Based on the data Table 12.1 Survey Data Showing Trips per Household, Income, and Auto Ownership

. Household Trips Produced per Household Income Autos per
pFOUIdE‘d, dEUElOp Number Household ($1000s) Household

a set F’f curves 1 > . 3

showing the 2 4 24 0

‘ 3 10 68 2

number of trips per p 5 “ 9

household versus g I; :.i ;

income and auto 7 7 38 1

Ownership? 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 10 44 2

16 11 N 2

17 12 60 2

18 8 44 |

19 8 52 1

seis PV e yers f tthisimiark .

HoHVVatenmarkiy.s=UliVersion doesnig
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Table 12.2 Number and Percent of Household in Each Income Category versus Car

Ownership

Autos Owned

Total

<24 2(67)=2/3=067  1(33) 0(0) 7 3(100)

(24 -36] 1 20 3( 60 1 20 ) 5(100)

36-48 1(20) 2(40) 2(40) 5(100)

48-60 ~ 1(33) 2(67) 3(100)

=6l = 1(25) 3(75) 4(100)
Total 4 8 8 20

Note: Values in parentheses are percent of automobiles owned at each income range.
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Table 12.2 Number and Percent of Household in Each Income Category versus Car
Ownership
Auros Owned
Income (310005 ) () //——l—\ 2+ Toral
i  — ~—

<24 2(67) =2/3=0.67 1(33) 0(0) > 3(100)
(24 -36] 1 20 3( 60 1 20 ) S(100)
36-48 1(20) 2(40) 2(40) 5(100)
48 — 60 — 1(33) 2(67) 3(100)
=60 — 1(25) 3(75) 4(100)

Total -4 8 be 20)

Nore: Values in parentheses 3o stendipniE-08 gtaneE=tnz o gulivsstom el tinBaeELe range.



Table 12.1 Survey Data Showing Trips per Household, Income, and Auto Ownership

Household Trips Produced per Household Income Autos per C'-‘m“ A ¢ (- Liad L\S\.i : i
.-"u"umbert Household ( ($1000s) ( Hum‘fhr:a’d S 24 ) O Auto 67 y)j‘ . ‘; :;‘U'ZJMJM
1 2 16 0 eﬂ S eﬁ
2 4 24 0
3 10 68 2
4 5 44 0
5 S f 18 | L .o - - - 1l
¢ 5 = : \ L_li..msgsju\_tj ah\}o)u\
? : ol . < 24,1 Auto . . s 1 a8l i &
8 4 36 0 a9 21 g 63)3 T
9 6 28 1 a
10 13 76 3 33 eﬁ)j\
11 8 72 1
12 6 32 1
13 9 28 2 o
14 11 44 2 o ~ > 2
15 10 44 2 24 L)A dﬂ‘ ?@AJ W \-‘ﬁj J;ﬁ yj
16 11 52 2 s w i £
17 12 60 2 : ‘_6” }'ss 3 lew SS e _al
18 s a4 1 Ra 3 8 U U = J ‘
19 8 52 1
20 o R 'b Muia 28 |

% 100 4oy, 142, sul 3 a2 all 24 (10 Jil aglan dll ) & san

2 1
3 * 100% = 67% 3 * 100% = 33%



Table 12.2 Number and Percent of Household in Each Income Category versus Car

Ownership
Awros Owned
Income ($1000s) 0 //—I—\\ 24 Toral
r i —E-.____________ -

<24 2(67) =2/3=0.67 1(33) 0(0) ~ 3(100)
(24 -36] 1 20 3( 60 1 20 ) S(100)
36—-48 1(20) 2(40) 2(40) S5(100)
48— 60 — 1(33) 2(67) 3(100)
=60 — 1(25) 3(75) 4(100)

Total a;l 8 8 2'(}

Note: Values in parentheses are pe nt of automobiles owned at each income range.
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Figure 12.3 Households by Automobile Ownership and Income Category
Low: < $32,000 - 48000 + Highest Value
L —

Medium: ($32,000,48,000] J 2

High: > $48,000
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2+ autos

8 o -

S8
saf

381

Households (%)

30F

I auto

Low I\-iedium < *Ih‘.h

Income

%WHH * Medium * 0 Auto = 4%

YHH * Medium * 1 Auto

%HH x Medium * 2 Auto = 38%

~ Low: < §32.000
Mediom: > §32,000
0 autos High: > $48,000

58%

$48.,000

%HH * Low * 0 Auto = 54%
OHH * Low *x 1 Auto = 42%

%HH * Low * 2 Auto = 4%

%HH * High *x 0 Auto = 2%
%HH * High x 1 Auto = 30%

%HH * High * 2 Auto = 68%



Households (9%)

2+ autos
(1% e Ty e e e ey
SR F
S4F
42 F
38 H
l
30 ey
l
|
I | auto
| .
I
4bAror 0 autos

Low Medium High

Income

%HH * High * 0 Auto = 2%
%HH * High * 1 Auto = 30%

%HH = High * 2 Auto = 68%
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» Step 2: the/average number of trips\per L syl e
<A ) Jana i gllaall

household versus income and cars owned.
This table represent 1 TAZ from study area

Q)‘AJJJ&MJ

Table 12.3 Average Trips per Household versus Income and Car Ownership

Autos Owned
Income ($10005) () 1 2+
<24 3 =(2+4)/2 § =5/1 »
24-36 4 6 =6+6+6/3 0
36-48 5 R 10.5
48-60 - 85 115
>0 s 85 127
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Table 12.1 Survey Data Showing Trips per Household, Income, and Auto Ownership

Household Trips Produced per Hrmsr{mi’d Income Autos per S J\%“J\ e LJM 24 % dﬂ\ d;ﬂ\
Number Household ($1000s) Household uﬂ 6 S )j\ .
N0 A gyaxe 5 a2
l < 2 16 0 .
5 ; 18 | &deq)lausd;)l\emjtky
R 4 ljf, 0 G&.M )\ Lﬂs.\.l:.a BJ\z\M j‘
v 6 28 I
1) 13 76 3
1] 8 12 !
12 0 32 t 138a Jaadl 8L LSS
y ; . : J 92z (- 3
14 ¥ 44 2
15 1) 44 2
16 § 52 2
17 12 6l) 2
18 X 44 I
19 5 52 t
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* This table represent All the study area
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Trips per Household per Day by Auto Ownership and Income Category
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» Step 3:additional O-D data (not shown in Table 12.1)
can be used to determine the percentage of trips by each
trip purpose for each income category.

 This table represent All the study area

5 _\l\\ S . o~ o 5 «
Sl — MSL.a\ L_i\.AJL.AuJ\ CL\;.\DA
: | i  HBO (Home-based other) ) g :
| |
- L )
= P |
> __l_' — | | .
s 32 ‘J-'"'—r’-_ | NHB (Nonhome-bused)
- | | |
I [ 1 HBW (Home-based work)
"II' - l_‘ I L
o S |
: : | Low: < $£32,000
| | : Medium: > $32,000-848,(KK)
| [ _
L 1 High: > $48,000 Lt N ] S
Low Medium High LJA_.JJ w ‘}A LSJ ‘ JJMJ‘

Income
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Table 12.1 Survey Data Showing Trips per Household, Income, and Auto Ownership

Household Trips Produced per Household Income Autos per .
Number PHunsehnfd " ($1000s) Hmue!::}!d TT'lp purpose

] 2 16 ()

2 4 24 ()

3 10 68 2

4 5 R ()

5 5 18 |

6 15 68 3

4 4 2 : 18 s of Jua!
9 6 28 | daw ) (pe et S
10 13 76 3 i
[ 8 72 |

12 6 32 |

13 9 28 2

14 11 44 2

15 10 44 2

16 11 52 2

17 12 6l 2

I8 8 44 |

19 8 52 |
20 HITEEVETSIONIOT Sionid

i ":' L'ql"‘l ¥
Dr. Randa Lqr|.|!.1 Mujalli



Example 12.2 Computing Trips Generated in a Suburban Zone

Consider a zone that is located in a suburban area of a city. The population and dwelling units : HH
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, The problem is solved in four basic steps.

generated = Production and attraction

Average income = a2 o Loguia ) A0 8 sana



Step 1: Determine the percentage of households in each economic category

 This table represent All the study area

Clashea ie Sl Y TAZ  Jden )l o2 alasin) J (Sa

g i 0 W €0 GRES

t ,* Tigh: > $48.000
- /
% /
g ==
£ *
" I .
3 40p--- N Nl > Figure 12,2 Average Zonal Income versus Households in Income Category
2 I\ Meaium:
i LN $32,000-848,000
E | "'"u.,____-- Income ($) Households (%)
)} I Low: < $32.000 Low (under 32,000) 9
L Medium (32,000 - 48,000) 40
$44,000 High (over 48,000) 51

Average Zone Income



Fiqure 122 Averaqe Zonal Income versus Households in Income Cateqory

‘: ,"il-;g;: > $48,000
E* !;" Income ($) Households (%)
S .
] - Low (under 32.000) 9
Y Medium (32,000 - 48,000) 40
2 40bae High (over 48,000) 51
2 Medium: >
% \HhSAE,HUH_&-IHJHM 52 ?&Jy‘ sz‘; L] '“S sin g
T e -

9 "'""1"' e e Low: < 832,000

S44 (00

Average Zone Income

#of HH/income
Low = 9% * 60 = 5.4 Medium = 40% * 60 = 24

High = 51% * 60 = 30.6



Step 2: Determine the distribution of auto ownership per household for each
Income category.

e e

58F
S4F

42F
38

Households (%)

[
|
30 b
|
|
|
|
|

2+ autos

| auto
Low: < $32.000
Medium: > $32,000-§48,000

|
i
]
I
|
I
]
: High: > §48,000

0 autos

Low Medium

High

Income

Figure 12.3 Households by Automobile Ownership and Income Category

Table 12.4 Percentage of Households in Each Income Category versus Auto Ownership

JST s LS yall @Bl J il 5l a0y 8
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Auwurtos/Household
Income 0 ! 2+
Low 54 42 B
Medium 4 58 38
High , ALTOLECIET WITNNTEEWETSIONIoVYatermarkiys=ull :VErsSIon aoeesnip!
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HH(60)

|

> Income
Low(9%)
> Auto

L

0o 1 +2
> #of Trips

» Trip purpose

|

Medium(40%)

High(51%)




d Low(0 Auto )Number = 60 * 0.09 * 0.54 =

J Low(1 Auto )Number = 60 * 0.09 * 0.42 =
d Low(2 Auto )Number = 60 * 0.09 * 0.04 =

d Medium(0 Auto )Number = 60 * 0.40 x 0.04 =
d Medium(1 Auto )Number = 60 % 0.40 * 0.58 =

d Medium(2 Auto )Number = 60 % 0.40 * 0.38 =

d High(0 Auto )Number = 60 * 0.51 * 0.02 =
d High(1 Auto )Number = 60 x 0.51 * 0.30 =

d High(2 Auto )Number = 60 * 0.51 * 0.68 =



Step 3: Determine the number of trips per household per day for

-
R 24 aulos
oy
& i
5 I | auto
213 :
e 8 : :
r-1 - — ] -
— ow: < 32 000
g B - : 0 autos LOW RS o _
Z d : Medium: > $§32,000-848,000
= 1

Al W I--ha._:l"l . S"H»“”“

Low Medium High
Income

Figure 12.4 Trips per Household per Day by Auto Ownership and Income Category
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Table 12.5 Number of Trips per Household per Day

Auros/Household
Income 0 7 24
Low 1 6 7
Medium 2 8 13
High Protected Withiireew ers ~ | Srsionjdoesn putithisimark 15




Table 12.6 Number of Trips per Day Generated by Sixty Households

oalel ) adla ) anas S

Income, Auto Total Trips by i . .
Ownership Income Group .0 j-Lij\ 0g @L}-‘m e Y s Jj\

60 X 009 X054X 1= 3trips L, 0+

60 X 0.09 X042 X 6= 14trips L, 14

60 X 0.09 X 0.04 X _7=_2trips L2+ 19

60 X 040 X 0.04 X 2= 2trips M, 0+

60 X 0.40 X 0.58 X 8 =111 trips M, 1+

60 X 0.40 X 0.38 X 13 =119 tri M, 2+ 232

60 X 0.51 X 002X 3= 2trips H,0+

60 X 0.51 X 030 X 11 = 101 trips H, 1+

60 X 0.51 X 0.68 X 15 =312 trips H24+ 415

Total = 666 trips 666



Step 5. Determine the percentage of trips by trip purpose. As a final step

Figure 12.5 Trips by Purpose and Income Category

HBW = 0.17 x = 40
| HBO i besed otiieh
I
| NHB = 0.32 « — 74
E : NHB ( Nonhome-based)
: HBW (Home-based work)
| A HBO = 0.51 « =118
| Low: < §32.000
: Medium: > $32,000-S48, (KK}
1 High: > $48,000
Low Medium High
Income
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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.
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Trip productions, which are based on census data, are
consideredto be more accurate than trip attractions.

Al Clelian ) s yila (e 2255 Lea oS A8y ) 2lisy) O

trip attractions are usually modified so that they are equal to trip
productions.
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U Trip attraction may also be computed using cross — classification .

Rates Based on Activity Units

U Trip Production may also be computed using Trip rate .

: WBaa g 1YY omwwjéﬂ\a.m%

Cross — Classification used to compute T.Pand T. A

Trip rate used to compute T.Pand T. A

CBalad) e oSl

4 Trip attraction use Trip rate .

A Trip Production use cross — classification.
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Trips generated at the household end are referred to as productions,
and they are attracted to zones for purposes such as work,

shopping, visiting friends, and medical trips. \

\ \ \ HBW
HBO HBO

HBO

/ Zone of attraction

An activity unit can be described by measures such as:



An activity unit can be described by measures such as:

— Square feet of floor space or,

— Number of employees.
e calelall dae o) L) Ll s Al dshaial) dalual) @ L) dslaial) Coia g WiSay

Table 12.7 Trip Generation Rates by Trip Purpose and Employee Category

S 2 S‘ . 1 < m ‘ ' Altractions per Attractions per Altractions per
O N/ ” ‘53 &JA « Attractions per Nonretail Downtown Retail Other Retail
Household Employee Employee Employee
HBW — 1.7 1.7 1.7
HBO 1.0 2.0 5.0 10.0
NHB 1.0 1.0 3.0 5.0

Trip purpose —



Rate: it refers to the number of trips per day per activity center.

# of daily attraction per TAZ
Rate =

# of employees per TAZ

# of daily attraction per TAZ

Rate =
Area of activity center per TAZ

N 3 sale IS Jeaiall 8L i o g

Table 12.7 Trip Generation Rates by Trip Purpose and Employee Category

Attractions per  Altractions per Altractions per
Attractions per Nonretail Downtown Retail Other Retail }MA U'h"‘ LA

Household Employee Employee Employee

HBW
HBO
NHB




Altractions per — Aguractions per Attractions per

Altractions per Nonretai : :
| f Nonretail Downtown Retail Other Retail
‘ousenoia Employee Employee Employee
HBW — 1.7 1.7 1.7

Attractions per
Household

Altractions per
Nonretail
Employee

Attractions per
Downtown Retail
Employee

Altractions per
Other Retail
Employee
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Altractions per — Aguractions per Attractions per

Aftractions per Nonretail Downtown Retail Other Retail
Household Employee Employee Employee
HBO 1.0 2.0 5.0 10.0

Attractions per
Household

Altractions per
Nonretail
Employee

Attractions per
Downtown Retail
Employee

Altractions per
Other Retail
Employee
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Altractions per — Aguractions per Attractions per

Alttractions per Nonretail Downtown Retail Other Retail
Household Employee Employee Employee
NHB 1.0 1.0 3.0 5.0

‘4’ 't Al 4 . .o - PR . . T NS - - ot
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Altractions per
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Downtown Retail
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Example 12.3 Computing Trips Generated in an Activity Zone

A commercial center in the downtown contains several retail establishments and
light industries. Employed at the center are 220 retail and 650 non-retail workers.
Determine the number of trips per day attracted to this zone.

Sleliva 45 32l (e jlaide genedud 2 gy Al o g (8 (g lad 3S je Ll aa g
4552300 Jors dale 250, el slaidl 8 ol sall e 230 (gl 3 sy, ddia
Aalaial odgd 4ati il Bl aae Sl Lie o glhad) 5 dlealls | slens Jale 650
A ez g JawY) 8 Jsaall g
Solution: Use the trip generation rates listed in Table 12.7.

Altractions per  Altractions per Altractions per

Attractions per Nonretail Downtown Retail ~ Other Retail
Household Employee Employee Employee
HBW — 1.7 1.7 1.7
HBO 1.0 2.0 5.0 10.0

NHB 1.0 1.0 3.0 5.0




.................................................................................................................................................................................................................

Example 12.3 Computing Trips Generated in an Activity Zone

A commercial center in th contains several retail establishments and
light industries. Employed at the center are 22&nd 650(non-retail workers.
Determine the number of trips per day attracted to this zone.

Attractions per  Altractions per Altractions per
Attractions per Nonretail Downtown Retail | Other Retail
Household Employee Employee Employee
HBW — 1.7 1.7 1.7
HBO 1.0 2.0 5.0 10.0
NHB 1.0 1.0 3.0 5.0

HBW: (220 X 1.7) + (650 % 1.7) = 1479
HBO: (220 X 5.0) + (650 X 2.0) = 2400
NHB: (220 % 3.0) + (650 % 1.0) = 1310
o a8 TS Ay



d Study Area composed from 3 TAZ .

Balancing Home-Based Work Trips

Unbalanced HBW Trips Balanced HBW Trips

2Zone Productions Artractions Productions Artractions

100 240 100 180
200 400 200 300

3 | : 300 120
Total (600 ) 800 600 600

N -

* When we want to balance between Production and Attrations,

we should to select the trip purpose ,here HBW.

600 + 800 so there is a problem .



Balancing Home-Based Work Trips

Unbalanced HBW Trips Balanced HBW Trips
Zone Productions Atrractions Productions Artractions
1 100 240 100 180
2 200 400 200 300
3

- 300 120
Total @ 600 600

C Jalre @ L i (s e Lebiaaty o 58 Cadall COa ) N (3091 A ZUN) adla

Total production 600

F = =—=0.7
actor Total attraction 800 0.75
240 600 180 400 600 300 160 600 120
sk — k — k —
800 800 800

The same procedure is followed for HBO
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How we can balance NHB ?

Balancing Non-Home-Based Trips

Unbalanced NHB Trips Balanced NHB Trips
NHB NHB NHB NHB
Zone Productions Arttractions Productions Artractions
1 100 240 180 180
2 200 400 300 300
3 300 160 120 120
lotal 600 800 6(0) 600

Total production 600

Factor = = —=10.75
actor Total attraction 800

600 600

600
24 =1 400 = 300 160
0* 500 =~ 180 800 800

= 120



Balancing Non-Home-Based Trips

Unbalanced NHB Trips Balanced NHB Trips
NHB NHB NHB NHB
Zone Productions Artractions Productions Artractions
1 100 240 180 180
2 200 400 300 300
3 300 160 120 120
Total 600 800 600 600

45 ) gal) day La
45 3) gal) Ja8 La

O e Jrad 5 40 sall U Lo zUY) COla ) dae Cadal 1 aaY) 3 gladll
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A transportation planning study was performed in Amman city; the following data was
collected and are summarized in the following table, Calculate the number of HBW produced

trips? *
Level of Average
HH annual Autos'HH Daily Trip purpose
Income trips/HH
1 Middle 0 2 HBW
2 Middle 1 3 HBW
3 Low 1 3 HBW
- Low 2 6 HBO
5 High 2 6 HBO
6 High 3 10 HBO

Ans. 2+3+3 =8



A transportation planning study was performed in Amman city, the following data was collected and are
summarized in the given table, answer questions 18, 19 and 20 based on the given data

HH Income Autos HH Dailv frips Trip purpose

1 Low 0 2 Home-Work

2 Middle 1 3 Home-Shopping
3 High 2 5 Home-Travel

4 Low 1 2 Work-Medical
5 Middle 0 2 Work- Visit

Calculate the number of trips produced by HBW in the study area?
Home — Work : only 2 trip

Calculate the number of trips produced by HBO in the study area?

Home — Shopping ,Home — Travel : only 8 trip

Calculate the number of trips produced by NHB in the study area?
Work — Shopping, Home — Travel : onlv 4 trip



[ Q(Years).The process of determining how many trips each activity
center will produce or attract ?
Ans. Trip Generation



12-4 The following cross-classification data have been developed for Jeffersonville Trans-
portation Study Area.

$) HH (%) Autos/HH (%) Trip Rate/Auto Trips (%)
Income High Med Low 0 1 2 0 1 2 3+ HBW HBO  NHB

3
10 0 30 70 | 48 48 4 0 | 20 60 115 170 38 34 28
20 0 50 350 4 72 24 0 | 25 75 125 175 38 34 28
30 1070 20 2 53 40 5 | 40 90 140 190 35 34 31
40 20 75 S5 1 32 52 15 | 55 105 1585 205 27 35 38
50 50 50 0 0 19 56 25 | 75 120 17.0 220 20 37 43
60 70 30 0 0 10 60 30 [ 80 130 18.0 23.0 16 40 o

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 house-

hold income of $35,000. (Use high = 55,000; medium = 25,000; low = 15,000.)
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[Use g = 35,000 medium = 25,000 low = 15,00

oo 20 30 40 50 60
Income (1,000)
Auto Ownership —
Low Mednm High

0 2 3 ]

| ] \ 13

2 12 13 18

3_+_ 17 Prejiz r.-a.Jlg‘m fras varddiear of )./,-Ey:‘.‘-jﬁrm._.w;“ Fuyll varsian elessier't et ifls et
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Trips by Purpose

Income (1,000)
Trip Purpose o
Low Medium High
HBW 38 37 18
HBO 34 34 38




Percent Households

-10

80 1

Tﬂ-:_

50 _ r Y
40 -

| \
30 “*

20+

\ i
N\
IOJ T
04 . .

o —— J-I"'_._ - = "”-'-\.
* s s 40 50 60

Income (1,000)

lcome | Percent HH Zone Tofal HH

Low 1 ) ))

Medm | TS [l i
High 14 5




Auto/HH

Income (1,000)

Auto [ncome
Ovinersiup Low Medium High
0 19 3 0
| 08 04 14
. 13 32 58
3+ {] : J,\,‘},‘ fras vasidn af W .f.l,,z,gu, il




Auto Income
Ownership Madi Hi
0 11 11
| 37 240 10
2 7 120 41
3 0 4 19
55x0.19 =11

375+x0.03 =11

700 =11



Noof Trips = [Trips per HH per Income Level and Auto ﬂwnership]x

" Number of HH

Owning x Vehicles
Auto Ownership Income Auto | Income
Low Medium High Ownership Tow Medium High
0 2 3 7 0 1 1 0
1 7 3 13 1 37 240 10
2 12 13 18 2 7 120 1
3+ 17 18 23 3 0 4 19

Noof Trips,,, =(2x11)+(7x37)+(12x7)+(17x0)

=365

Noof Trips,, ...

=(3x11)+(8x240) +(13x120)+(18x4)
= 3,585

Noof Trips,,., =(7x0)+(13x10)+(18x41)+(23x19)

=1,305

Hrejisgisie] wiir) fras varsiarn

Total Noof Trips =365+ 3,585+ 1,305

aof Weigrrindy, Full varslarn dassn’'t aut iriks ez

1

=5,255




. [ncome
T1ip Purpose
Low Medium High
HBW 3 ] 1§
HBO 3 i 38
NHB 28 2 H
Noof Trips,y =(0.38x365)+(0.37x3,585)+(0.18x1,305)
= 1,700
No of Trips,, = (0.34x365) +(0.34x3,585) +(0.38x1,305)
=1,839
No of Trips,y, =(0.28x365)+(0.29x3,585)+(0.44x1,305)

=1,716

Noof Trips,,, =(2x11)+(7x37)+(12x7)+(17x0)
=365

Noof Trips =(3x11)+(8x240)+(13x120)+(18x4)

= 3,585

Modium

Noof Trips,,, =(7x0)+(13x10)+(18x41)+(23x19)
=1,305



The following socioeconomic data have been collected for the Jeffersonville Trans-
portation Study (JTS).

Population = 72,173

Area = 70 square miles

Registered vehicles = 26,685

Single-family housing units = 15,675

Apartment units = 7567

Retail employment = 5502

Nonretail employment = 27,324

Student attendance = 28,551 by zone of attendance
Average household income = $17,500

Total traffic zones = 129

The results of the cross-classification analysis are as follows.
Total trips produced for study area = 282,150 trips/day

Home-to-work trips 13% (36,680)

Home-to-nonwork trips 62% (174,933)

Non-home trips 25% (70,537)
The attraction rates for the study area have been developed using the following
assumptions.

100% of home-to-work trips go to employment locations.
Home-to-nonwork trips are divided into the following types.

Visit friends 10%

Shopping 60%

School 10%

Nonretail employment 20%
Non-home trips are divided into the following types.

Other employment area (nonretail) 60%

Shopping 4G%



Determine the number of home-to-work, home-to-nonwork, and non-home-based
trips attracted to a zone with the following characteristics.

Population = 1920

Dwelling units = 800

Retail employment = 50
Nonretail employment = 820
School attendance = 0



Retail Nonretail

em plnyeementj| " [ ]
=50+820

=870

Totalemployee in zone =
employeement

Retail ]+[Nunremil ]
employeement

=5,502+27,324

=32,826

Total employees in study area = [
employeement

Home-to-work 870
| = [36.680]x| ——
trips attracted to zone 32,826

=972 trips



units in study area housing units units
=15,675+7,567
=23,242

[Tota] dwelling ] - [Single-f‘amily]+|:hpanment]

Visiting ﬁiﬂ'ﬂd5=ﬂ.1ﬂx[['}'4‘933]x{ 800 ]

23,242
=602 trips

1 50
- 0.6x[174.9
Shopping = 0.6x[174,933|x [5‘ 5{]2]

=954 trips

Hraiaaisie] ywiir) fras

.....



|

School = 0.1x[174,933]x| —2
28,551
= 0trips
Non-retail
on-Te }=0.2x[m,933]x[ = ]
employment 27,324
=1,050trips
Total number of o _
Visiting . Non-retail
home-to-nonwork |=| + Shopping + School +
o friends employment
(rips in zone
'Total number of
home-to-nonwork |= 602 +954+ 0+ 1,050

trips in zone

= 2,606 trips

r
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L
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Non-home-based trips:

[Nun-remi]

]:ﬂ.ﬁﬂx[Tﬂ,SJT]x[ 520 ]
employment

27,324
=1,270trips

. 50
Sh =0.40x])70,537
opping x[ ]K[SﬁS[}Z]

= 256 trips



Total number of
non-homebased |=256+1,270

trips in zone

=1,526trips

Fraigaige ywiin jras varsion of Waisrrrezindy, Full varsian dasse’t aut inks e



B) TRIP DISTRIBUTION:

Is a process by which the trips generated in one zone are allocated

to other zones in the study area. \

[PEPRGIVE i PRIy PR EEPRGIENGEN

These trips may be within the study area (internal-internal) or
between the study area and areas outside the study area (internal-
external)

s Al ) dikia 7 LA 555 285 A jall dalaie Jaks sl g 5SS 3
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For example, if the trip generation analysis results in an estimate of
200 HBW trips in zone 10, then the trip distribution analysis would
determine how many of these trips would be made between zone 10

and all the other zones.
, s g 5 (e L s ;) 200 e 2 5 10 Lead ) Adhaia ol 7 JUal) Junw e
¢ a_\;ﬁw\wj\u)\;j\wz;u\w\wi\aﬂo).bﬂ\o&@uujju\

Several basic methods are used for trip distribution. Among these
are the gravity model
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O—-—D Matrix

Origins Destinations z T
= 1 2 n J
| Pl
3
2 ? P2
m Pm
2T, Al A2 An

» Multiple Iteration might be needed .

15t iteration ( singly Constrained )

» Trip from Zone 1 To destination 1
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Ty L: j:

ala ) ate = A5 Al Sl ledd) adi (8 g Al dahaill
l:origin
j:destination
Origins Destinations z T
- I 2 n J
1 Pl
2 P P2
m Pm
2T, Al A2 An
T,q: 3 Adkiall 1) dga gia 4 Adhiall G A Al
Ty Ty, T33
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. Destinations
Origins Z 4}
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Origins Destinations z T,;,—
- l 2 n j
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;
2 9 P2
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m Pm
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Gravity Model: states that the number of trips between two zones is
directly proportional to the number of trip attractions generated
by the zone of destination and inversely proportional to a
function of time of travel between the two zones.
il Gl e e b yla conls iy (pishaie G e GBa ) ae
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Friction factor is a function of impedance of travel from production to attraction,
measured in terms of travel time and cost. Friction factor (or the perception of distance)

varies by trip type.

AGISS 5 Al N (g ey Cldle J5A0 Bk (e 4l oy (ki G Le Sba )l Jydaat
Jee ol aleniud dla il 13 da ) de s

Gravity model is adapted from Newton’s Law of Gravity. It requires estimates of the
relative attractiveness of a TAZ as well as a measure of the impedances between TAZs.
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K-factors are used to model individual zonal variation not otherwise accounted for in the
gravity model.

k:Socio economic characteristics
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Trip distribution uses trip ends from trip generation and network impedance to link trip
ends to TAZs.
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Trip distribution is a method to determine
where the trips are going

e Distribute trips produced in one TAZ to
all other TAZs

e (Calibrate to reflect current travel patterns

Jalsall 3 5m g3 a1 J Al il e yusetl
k — factor and friction factor Jis4alAl

e Apply to forecast future travel patterns
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Gravity Model
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Where do the @

trips produced
in TAZ 3 go?
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Gravity Model

The gravity model was adapted from Newton’s Law of Gravitation, which states that the
amount of gravitational force between masses is a function of the mass of the bodies and

distance between them.

Again, the focus is to apply the gravity model to determine where trips go. The
gravitational force in the gravity model will now become the amount of travel between
TAZs. This application is possible if the calculations using the gravity model are based on
the relative attractiveness of the zones. To apply the gravity model to travel, some
modifications are needed. To convert the gravity model equation to represent the amount of
travel or number of trips as opposed to gravitational force, two modifications must be

made:

relative attractiveness of the zones :  shlial fn b il (23]
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accessibility is used instead of distance, and Lelazy o g8 o gus Al CliLY)
number of attractions is used instead of mass.

» when we can say its accessible or no ?
C A dal e (L Cagan g oL 5 Jale 1385 Ll 33 g gall (3 k) Ao 53 o
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LLaw of Universal Gravitation

Every object in the Universe attracts ' ' - 11 3 -1 _2
every other object with a force directed graVItatlonaI Constant- 6'67398 x 10 m kg s
along the line of centers for the two

objects that is proportional to the

product of their masses and inversely

proportional to the square of the

separation between the two objects.

g 2

r m

F-gim o ' ¢
mo

Fy is the gravitational force

M4 & M5 are the masses of the two objects
I is the separation between the objects

G is the universal gravitational constant
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Where do the
trips produced
in TAZ 3 go?

The total number of TAZ
attractions are estimated
in the trip generation step
for HBW trips,

78 Attractions
GUZ Froguctions

Wuwa oLild 48 Lol ) <5

TAZ 1
1,080 Attractions

531 Attractions
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™~ .~ 7 47 Attractions

G 82 Altractions
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= number of trips that are produced in zone i and attracted to zone j
= total number of trips produced in zone !
number of trips attracted to zone j
; = a value which is an inverse function of travel time
K = socioeconomic adjustment factor for interchange ij

R P
I

The values of Pi and Aj have been determined in the trip generation
process.

The sum of Pi for all zones must equal the sum of Aj for all zones.



Friction Factors e Friction Factor :
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K-Factors e blue collar workers :

pbadll & Jaall
K-factors account for socioeconomic
Llln;zle;gles not accounted for by the gravity . white collar jobs:
CilSall Jata Jeall

Common application is for blue-collar
workers living near white-collar jobs

K-factors are i-] TAZ specific
If i-j pair has too many trips, use K-factor

less than 1.0 . RN R T
dg\.mj\ J..gM\ 2 Qy.i::sﬂ\ adalie Cuad
If i-j pair has too few trips, use K-factor

greater than 1.0

Once calibrated, keep constant for Jalaall 134 e‘ L) e JMU Ly L
forecast S A l—‘-‘l“—..
- Jiadll J il il A aleal

Use K-factors sparingly and withcisation



K-factors are applied to the gravity model as a fraction. If there s a deficiency of trips
hetween TAZs and the condition cannot be corrected using calibrated friction factors, a K-
factor greater than 1.0 would be applied, making the zone more attractive. If the zonal
interchange has too many trips, a K-factor less than 1.0 would be applied. To prohibit trips,
4 2610 18 used.
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Example 12.4 Use of Calibrated F Values and Iteration

To illustrate the application of the gravity model, consider a study area consisting of
three zones. The data have been determined as follows: the number of productions
and attractions has been computed for each zone by methods described in the sec-
tion on trip generation. and the average travel times between each zone have been
determined. Both are shown in Tables 12.9 and 12.10. Assume K;; is the same unit
value for all zones. Finally, the F values have been calibrated as previously described
and are shown in Table 12.11 for each travel time increment. Note that the intra-
zonal travel time for zone 1 is larger than those of most other inter-zone times
because of the geographical characteristics of the zone and lack of access within the
area. This zone could represent conditions in a congested downtown area.

Determine the number of zone-to-zone trips through two iterations.

Table 12.9 Trip Productions and Attractions for a Three-Zone Study Area Table 12.11 Travel Time versus Friction Factor

Zone l 2 3 Total Time (min) F I
Trip productions 140 330 280 750 1 %) I

Trip attractions 300 270 180 750 ) 57

Table 12.10 Travel Time between Zones (min) i i{:

Zone I 2 3 3 39

1 5 2 3 6 26

2 2 " 6 / 20

3 3 Sctediw - Waterma | e 8 13



Table 12.9 Trip Productions and Attractions for a Three-Zone Study Area

Zone I 2 3 Total
Trip productions 140 330 280 750
Trip attractions 300 270 180 750

I gad) s gy g8 (Y]

CSla ) g sana 058 Of g sV 8 5hall 5ol e sdlad i 138 ol

Table 12.10 Travel Time between Zones (min)

Zone | 2 3
I 5 2
2 2 6 6
3 3 b

travel time from zone 1 to zone 2 is 2 min

travel time from zone 2 to zone 1 is 2 min
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Table 12.10 Travel Time between Zones (min)

Zone 1 2 3 u.us.i uﬁ ‘déjj‘ U““J ut Lia .L;yu
1 5 2 3 As 1 ey (e S (5 oS5 ddaiall
2 2 6 6 .o “ ok et .

3 X p : ; uﬁ UASJ a_u.ud\} aalia 4 43.&:.;\405
Loyl | saal 5l dslaial) Jaly il )Y
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Table 12.11 Travel Time versus Friction Factor ) . .
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Time (min) F : =
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3 50
4 4]
5 39
6 26
7 20
8 A




K;; = 1 for all zones

Table 12.10 Travel Time between Zones (min)

Zone

I

l

2
3

5

2
3

Friction factor s sy

travel time from zone 2 to zone 3 is 6 min

Table 12.11 Travel Time versus Friction Factor

Time (min) F
1 82
2 52
3 50
4 41
5 39
& 6 265
7
8
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Determine the number of zone-to-zone trips through two iterations.
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K;; = 1 for all zones

ﬂd}\&j@wjdwﬂuhwﬂw\o&jdwdﬂ\m

T11 T12 T13

T, = 140 X 300 x 39

=47

(300 X 39) + (270 X 52)

270 X 52
T;-z = 140 X

+ (180 X 50)

=357

(300 X 39) + (270 X 52)

180 X 50
T]_g = 140 X

= (180 X 50)

(300 X 39) + (270 #5254
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Table 12.9 Trip Productions and Attractions for a Three-Zone Study Area i i
Zone ! 2 3 Total Af F i K i
Trip productions 40 280 750 Tfj =Pz K ij = | for all zones
Trip attractions 300 180 750 E A;F ,'jK if
\ =1
P, A,
Table 12.11 Travel Time versus Friction Factor
Table 12.10 Travel Time between Zones (min) Time (min) F
Zone | 2 3 ] 22
22 5
1 5 3 3 50
) ) 6 4 41
3 3 b 5 5 39
6 26
7 20
8 13




i i K;; = 1 for all zones
AFK;
Iyy= P
A;:A;and A, and Aj
Fi1F19 Fy3

Ki,Ki,Kiz=1

F11 39
F12 52
F13 50 =IOLECL

270 x 52
Ll (300 X 39) + (270 x 52) + (180 X 50) L

Alaally Tag g (V)5 JalS (S0 dapia 53 5 Jasall

A;: Ay and A, and A,

Table 12.9 Trip Productions and Attracti Zone Stucy Area

Zone ]

Trip productions 140 33 .:.l 750
:rm_:mI\/T?:lﬁlli-‘ié?%ﬁ:rﬂﬂi»esrn'i put '!'rn @ @ 750




270 X 52
ho = X e T X - (X0

Jie 458) 5 2Bl 8 Y | aga lan Gl V) oy 5§ gan e
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300 x 39
= ) X ———————————— = {]
Fioi® | (300 X 39) + (270 X 52) + (180 X 50)

270 X 52
Hasas (300 X 39) + (270 X 52) + (180 X 50) i

180 X 50
Ty.s= 140 X = 3
™ (300 X 39) + (270 X 52) + (180  50)

Protecteamvitniiree /;-rz,ntnPil\j"ﬁga«jn)u!yw‘ul,

balll (b e g daa gl aglas]

Make similar calculations for zones 2 and 3.
L=l T2 [y=) Py=di
[=l4 Tz Ty=68 P=
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T 280 300+ 50 144.62
— * — .
N (300 * 50) + (270 * 26) + (180 * 39)
T 280 c70% 26 67.68
p— % — .
32 (300 * 50) + (270 * 26) + (180 * 39)
180 * 39
T., = 280 * = 67.68

(300 * 50) + (270 = 26) + (180 * 39)

P; =144.62 + 67.68 + 67.68 = 279.98



Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Computed P Given P

- 57 140 140
2 188 85 57 330 330
3 144 68 68 280 280
Computed A 379 210 161 750 750
Given A 300 270 180 750

g sy 5 Lggasny Ui 30 il (s Lo dla ) 2e s o3
sanll Lgany alB Y1) ghay 55 15 S5 ST JanY) A L
T, =47 T,=57 T, =36
Loalll Tl TS Aol
=14 Tg=t8 Tpy=268 P2



Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Zone ] 2 3 Computed P Given P
- 47 57 36 140 140
2 188 835 57 330 330
3 144 _68 68 280 280
Computed A 379 210 161 750 750
Given A 300 270 180 750

e Computed P

NS Jg) e A 3 ghadld) L8 4y Liad oA ZUY) CBMa ) £ gaa

e Given P

oY) B shdll (e dnle Ulaa i) LY il ) £ gana

Table 12.9 Trip Productions and Attractions for a Three-Zone Study Area
Zone I 2 3 Total

Trip productions 140 330 280 750
Trip attractions 300 57| BEIE
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Given P, Given A



Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Zone ! 2 3 Computed P Given P
Prod. R 1 47 57 36 140 140
2 188 85 57 330 330
3 144 68 68 280 280
Computed A 379 210 161 750 750
Given A 300 270 180 750

d Given P = Computed P
A Uad aa gy 1D CIMA g (o glia 163,950 () an



Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Zone ] 2 3 Computed P Given P
- 47 57 36 140 140
2 188 835 57 330 330
3 144 _68 68 280 280
Computed A 379 210 161 750 750
Given A 300 270 180 750

e Computed A

NS Jg) e Al 3 ghadl) L8 4y Liad o4 Qdad) CBla £ gaa

e GivenA

Ao Bshall e ddde Uliaa sal Qiall CBla ) £ gaa

Table 12.9 Trip Productions and Attractions for a Three-Zone Study Area
Zone I 2 3 Total

Trip productions 140 330 280 750
Trip attractions 300 57| BEIE
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Given P, Given A



Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Zone | 2 3 Computed P Given P
- 47 57 3 140 140
2 188 85 57 330 330
3 144 68 68 280 280
Computed A 379 210 161 750 750
Given A 300 270 180 750

d Given A +# Computed A
&3@2@3&5@\&%@3&&\3& Z\Jhgﬂm

. 379 — 300
%dif ference = T0goe 100% = 26.3%
270 — 210
%dif ference = 70 100% = 22.2%
. 180 — 161
%dif ference = x+100% = 10.5%

130



d %dif ference < 5%
O 8 Ul s grast Cusm Alenl) J 1S5 a2 Y 03 5kad i (3 (S5 ¢ sl Ji
s, Slbual)l Bt dal (e oSV 4 sluita (5585 O dea¥1 | U st & saimsall (505 %5
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Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Zone /| 2 3 Computed P Given P
l 47 57 36 140 140
2 188 85 57 330 330
3 144 68 68 280 280
Computed A 379 210 161 750 750
Given A 300 270 180 750

YAttraction in Trip generation = XAttraction in Trip Distribution
379 + 210+ 161 = 300 + 270 + 180
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Table 12,12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Zone 1 2 3 Computed P Given P - IREEN
Prod. —» l 47 57 36 140 L@—,\‘)S" L“;d e Jy
2 188 85 57 330
3 1 68 68 280
Computed A o
Given A 300 270 180 750
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A, = 4 xAj . 4 A; : Adjusted Attraction Factors
G =9
I -1
A;: Given A
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A, = L x Aj
jk k_ 1
* G, »

( u%‘) Al At J ((abea &3 A1) Agdal) Gdal) cla £ gana

) Aj(k P .
N Jaral) aall OBl dae

When K = 2 ,Aj(k 1) = Aj

When K = 3,when Aj, )= 4j
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A 30

A, = « Aj 1 Zone L:Ap = 300 X — =237
KT a D P 379
j:l k=2 A]=A1=300 Cjk_12611=379
A, = A3 =300

Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Zone ! At I 3 Computed P Given P
Prod. R 1 47 57 36 140 140
2 188 85 57 330 330
3 144 68 68 280 280
Computed A 379 210 161 750 750

GivenA 300 270 180 750




A . 270

Aj =7 *AJ 1 Zone 2:Ay = 270 X — = 347
Jik = 1y 210
j=2 k=2 A]-=A2=270 C]-k_1=C21=210
Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained
Zone ! At I 3 Computed P Given P

Prod. R 1 47 57 36 140 140

2 188 85 57 330 330

3 144 68 68 280 280

Computed A 379 210 161 750 750

GivenA 300 270 180 750




4 . Y
Ay =—1—x4j, Zong 3:Ax. 5,180 X i 20!
f(k _ 1) |
j=3 k=2 A;=A;=180 Cin 1=C3 =161
Ay, =43 =180

Table 12.12 Zone-to-Zone Trips: First Iteration, Singly Constrained

Zone ! At I 3 Computed P Given P
Prod. R 1 47 57 36 140 140
2 188 85 57 330 330
3 144 68 68 280 280
Computed A 379 210 161 750 750

GivenA 0 2% 180 750




Zone 1:A;; = 300 X B

N y — A, : Adjusted Attraction Factors
1 . .
Zone 2:Ay = 270 X % for second iteration
180

Zong 3 An.5 180 X —
one 34,518 e



Zone 1:A; = 300 x@

379

Zone 2:A» = 270 X i

210

Zone s 5,180 X

161

I =X @x 39

4
(237 X 39) + (347 X 52) + (201 X 50) =

T, = 140X (3 3

(237 X 39) + (347 X 52) + (201 X 50) .-

T1-3= 140 X .x x

(237 X 39) + (347 X §2) + (201 x 50) e

P, = 140

Make similar calculations for zones 2 and 3.

oo w48 Tace

=112
T3-1=“6 T3 2-83

Tz-; = 63
rz:?s:;_(?sm-rlo}éiermarthF’J\JH%rm:; i gui i

P, = 330



T,, =34 T,, =68 T,; =38
Tz_] = |53 Tz_z = ]2 Tz-; = 6) P; = 33()
T3-I =116 T3-2 = 88 T3-3 =76 P3 = 28()

Table 12.13 Zone-to-Zone Trips: Second Iteration, Doubly Constrained

Zone | 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

L]
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T, =140 X%
T5= 140 X

T]-3 = |4 X

300 X 39

S ———— Y |
(300 X 39) + (270 X 52) + (180 X 30) 4

270 X 52

B0 X )+ 0 X5+ (180X 50)

X )= (0X )2 (80X

X
180 X 30 y

P|=l40

237 x 39

=140 X = 3

B (237 X 39) + (347 X 52) + (201 X 50) .
347 x 52

= 40)( =

e (237 X 39) + (347 X 52) + (201 X 50) "
201 x 50

hios = X e I + (T X 50 2 (I X 50)

P, = 140
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Table 12.13 Zone-to-Zone Trips: Second Iteration, Doubly Constrained

Zone | 2 3 Computed P  Given P
1 34 68 38 140 140
2 153 112 65 330 330
3 116 88 76 280 280
Computed A 750 750
Given A 750
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237

303
347

263

Zone2 : A,; = 270 %

201
179

Zone3 : A;; = 180



12-10 The following table shows the productions and attractions used in the first iteration of
a trip distribution procedure and the productions and attractions that resulted.
Determine the number of productions and attractions that should be used for each

zone in the second iteration.

Vi 2 3 4

y 100 200 400 600
A 300 100 200 700
P! 100 200 400 600
Al 250 150 300 600
k=2
A, = 4 « Ai j=1to4
jk C. J (k _ 1)



(0 20
(0 100
(0 200
| 130

AI"' :@K:iﬂu
- 250
=360
!
A, =—2x100
e . |

4
20
00
0

=EE = E

200

A_P:—J{ZDD
- 300
=133
A_‘_r:@x?ﬂﬂ
- 600
=817
1 = G -
P 100 | 200 | 400 | SO0
133 | 817

Az SE0
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Table 1
Zone Productions A ttractions

1 100 200
p 200 100
i i Total 300 300
for the study are with the 3 TAZs, with data
given in Tables 1 and 2 Teble 2
| Friction Factors
Lo ]
1 >
1 1 0.5
- 2 0.5 1

A study area consists of two zone, the following are the results after the trip generation step: (Kij = 1 for all zones)

Calculate T11 after performing the 1st iteration using the gravity model: *

Calculate T21 after performing the 1st iteration using the gravity model; *



AF K,

=P,* [
EA?FE;K:';'

T,, = 100 *

T,, = 200

K;; = 1 for all zones

200 % 1

(200 * 1) + (100 * 0.5)

200 % 0.5

(200 % 0.5) + (100 * 1)

80

= 100



Conbinuous change



C) MODAL SPLIT

To determine the number (or %) of trips made between zones using

each mode of travel . ) ...
plba Lo o gy Al Ol Sl A o) dae a7 AL § gladl
,Aaliall @l sall Lalail alasiuly glaliall o L dls )

For the analysis. the following variables might be used:
« Trip characteristics: length, time of day, purpose, ...etc.

« Trip maker characteristics: income, auto ownership, employment,
...etc.

« Transportation system characteristics: accessibility, parking, travel
time, ...etc.

agalading Wiay <l paiall (e ST o 3aal g Jalaill el

Gl gl ol o Jala ol slise gl lalua | dla )l o) ja) iy | Al ol g I Al ) Joha 7 Ada ) (ailiad
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Types of Modal Split Models

(1) Direct Generation of transit trips,
(2) Trip End models,

Chsms, b Gl o35 o 31 Al Al
. Jasd ZAIY ¢ Al ddadil) # ph a8

(3) Trip Interchange Modal Split models.

Trip End Models:

To determine the % of total person or auto trips that will use
a mode,

LS yall () geadiinn sAl ) aladl Jall () geadiion cpdll aladll J dalad) daall s

e & sl 18 aadi K1 nse agie Laad 08 3l ey ¥ ) gdadll (a5 J i L aa g
S8 AN 3 ladll ey sl | MLl 2535 shad J8 Le cililiadl el a) (e 23 Y Ja sall
. b 13 g A0l 5 ghadll



Estimates are made prior to the trip distribution phase based

on:
* land-use or socioeconomic characteristics of the zone.

This method does not incorporate the quality of service.
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Example 12.8 Estimating Trip Productions by Transit

The total number of productions in a zone is 10,000 trips/day. The number of house-
holds per auto is 1.80, and residential density 1s 15,000 persons/square mile. Deter-
mine the percent of residents who can be expected to use transit.

Solution: Compute the urban travel factor.

5 shaall (e slia Al &8 31 138 § L g Al ) 10000 4ddkaiall (pe slasi il ALK C3la Sl aae
dansi Call 15 & Al Q8D 36V 5 pdadl) aey 5 puilie 4Budaty 2 683 Jasall 1385 15V
(bl JalY o3 Jail) Alps 5 alasing agilSaly o) ISl G das | el Juall

uTF = ——( h"“s"h"'d)(""“‘;’“) O EYRINSES PRPLBIAY
1000\ auto e cadlall ALl 850 s sall

|
—— X 1.80 X 15,000 5 27.0
100(]



100 ~ . ',..,,,,S\ JM‘ , U\JJM L@J A 5o WJJ\ Y

bl Jail) Tl 5 aladiinl i oo 5 e
'f.i’: SO =

0 | | L J
10 20 27 30 40 50 60

| household y Dersons
1000 auto mi?

Another Mode Split = 100% — 45% = 55%

#of trips used Transit = 10000 = 0.45 = 4500
#of trips used the other mode = 10000 * 0.55 = 5500

Urban Travel Factor =



(] Disadvantage of Trip end model :
1- Only use socio-economic characteristics and land use

2- Does not incorporate quality of service

3- Used prior to trip distribution .

4- Can only be used to split trips between 2 modes

5- The UTF vs model split curve should be available




3. Trip Interchange Models:

In this method, system level-of-service variables
are considered, including:

-relative travel time,

-relative travel cost,

-economic status of the trip maker, and
-relative travel service.

-Estimates are made after the trip distribution

,(#12Y) (o sia) Aaddll (5 giua 5 5 4adba) & Giladl 3 sl 3 IS (AN Cupal
il g alall Jaill 8 aniioall fpe 30 Le 0 jl6e ey (ol Ala 1 J a3
a5 giall | Galall 5 aladl Jaill f Le dpall da Sl 28K 3 Ll 6 addil
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* 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.

* The impedance value is determined for each zone pair and
represents a measure of the expenditure required to make the trip
by either auto or transit.

o) Alad) Ak cpe Ala 1 oUST Jal Al 5 Jaka il g (5 piusall 8 1 oY) ALaR
el i

e o LS a4 G 53 2SN J L g ,al | QU Qs e 1 ) Ay
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* The data required for estimating mode choice include

(1) distance between zones by auto and transit,
(2) transit fare,

(3) out-of-pocket auto cost,

(4) parking cost,

(5) Highway and transit speed,

(6) exponent values, b,

(7) median income, and

(8) excess time, which 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.

bl AalKll | alad) Jaill A8 | aladl Jail) g5 el Aasd 50 dleall 5 Aglaall L ddlisdll
Jaill J saasall de jull g 3okl L da saall Aoy | 2l S b CalilaaY) 4ASS | Al )
iall o 3 i ) Cpanaty (Al g ¢ il Gl gl 5o sa gall ) Jdasa gl Jaall | alall
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J The number of business days in a year can vary from year to year
depending on the number of weekend days . Business days can also vary
from business to business depending on the number of company holidays
are taken , there are 365 days per year and about 104 weekend days , this

is 260 days, if you subtract the 10 legal bank holidays taken this would be
about 250 business days a year .

J 8 business hours per day = 8%¥60=480 min per day and 480 min per day
*250 business days = 120000 business min per year .

AN

Time worked per year



* An example of this procedure is illustrated using the QRS method
which takes account of service parameters in estimating mode

choice.
* The QRS method is based on the following relationship:

Cdadll LlaY @ aaYy daadl) enlie e Y e 340

MS = Model Split a: Auto t: Transit

X 100 Md‘é@’@'wcﬁ el 5l Juant Jaxa
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MS = T 100 b = an exponent, which depends on trip purpose

dg = b b i

i [,-;.' ;) I:M d‘w\ L;ﬁuh’-‘ C)JS,J,

MS, = (1 - MS§,) X 100 Jall el (e d3ne Joad aladied Lpud
trip cost $

Impedance = invehicle time (min) + 2.5 * excess time(min) + (3 *

)

income earned /min

OY) Ol pasal o g g Ja5 Ada g (e

b b
MS Iij t+1ij b

’ Iijbt + Iijbb + Iijba_

+ 100% MS,= proportion of trips between zone i and j using transi
MS, = proportion of trips between zone f and | using auto

m = { for transit mode: a for auto mode
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Example 12.9 Computing Mode Choice Using the QRS Model

To illustrate the application of the QRS method, assume that the data shown in
Table 12.21 have been developed for travel between a suburban zone § and a down-
town zone D. Determine the percent of work trips by auto and transit. An exponent
value of 2.0 is used for work travel. Median income is $24.,000 per year.

Table 12.21 Travel Data Between Two Zones, Sand D

Auto Transit
Distance 10 mi 8 mi
Cost per mile $0.15 $0.10
Excess time S min 8 min
Parking cost $1.50 (or 0.75/trip) -
Speed 30 mi/h 20 mi/h

i) ane Jages ol Jal) | A el olall Jail) | Jaal) 43yl g Jaall <l a2e
il e il e el e



trip cost $

Impedance = invehicle time (min) + 2.5 * excess time(min) + (3 * - —)
income earned/min
. . . Dist t lled 10 .
* invehicle time by Auto = T = — %60 = 20 min
Speed 30 \
 excesstime for Auto = 5min Ay ) deludl (e s

Jae 10 o ddlsall Y
* trip cost ($)for Auto = 0.15 %10 + 0.75 = 2.25%

™ il
. . 240007 R
* income earned/min = — = 0.2 b
25
Impedance = 20 + 2.5 %5 + (3 * 02 ) = 66.25



trip cost $

Impedance = invehicle time (min) + 2.5 * excess time(min) + (3 * - —)
income earned/min
. . . . Distance travelled 8 :
* invehicle time by Transit = = —x* 60 = 24 min
Speed 20 \
 excesstime for Transit = 8 min fady ) deld) e s

Jwe 8 (& ddlall oY
/ & -

* tripcost ($)for Transit = 0.10 «8 = 0.8

24000

* income earned/ min = 0000 = 0.2 ~ b

0.8
Impedance = 24 + 2.5 x 8 + (3 *ﬁ> = 56



MS (o) X 100 = 41.6%
“ T (56)2 + (66.25) -

MS, = (1 — 0.416) X 100 = 58.4%

J il 8 qelhaal) oo Bail) o Sllaall o3

o 2
o / 416
#of trips using auto = 500 x 100

= 208 trips

58.4
100

#of trips using transit = 500 * = 292 trips



Logit Models:

* An alternative approach used in
transportation demand analysis is to consider
the relative utility of each mode as a
summation of each modal attribute.

* the choice of a mode is expressed as a
probability distribution.

Aia & | Al ha e fpre daa aladin) 8 4616V 5 4ladl) 380 (o a8 Co g L
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* |f two modes, auto (A) and transit (T), are
being considered, the probability of selecting
the auto mode A can be written as:

U
PI .-'1 ‘

Tr 1 (12.9)

This form is called the logit model

DRI ) ol s 06 Al 06 a8 Jasd Jas il g Jadd aa g Uia 7 dage ddaadla
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U, = Utility of using A Utility = Linear regression

=B, + B, X, + - B.x,. ﬁ=} Slaa ¢y 555 Alslaal

U, = Dependent Variable X:Independent Variable

= constant or intercept f, = Coef ficient of correlation

Bol\/ Bo 174

X: Attributes or factors
LalS g la e ol AnlSl) 48U ) 5 luall J4SLa 065 08 | Ol gall (e 22as & gl dniiall ol
cAmaiadll o Jalad) dala ) o)y LS Lgiadd chal




Example 12.10 Use of Logit Model to Compute Mode Choice
The utility functions for auto and transit are as follows.

Auto: U 4, = —0.46 — 0.35T, — 0.087T,; — 0.005C
Transit: U, = —0.07 — 0.05T,; — 0.1575; — 0.005C
where
T, = total travel time (minutes)
75 = waiting time (minutes)
C = cost (cents)

The travel characteristics between two zones are as follows:

Auto Transit
T, 20 30
715 s 6
k= 320 100

Solution: Use the logit model to determine the percent of travel in the zone by
auto and transit.



U, = 046 - (035 X 20) ~ (0.08 X 8) = (0,005 X 320) = =9.70

U, = —0.07 — (0.05 * 30) — (0.15 % 6) — (0.005 = 100) = —2.97

—9.7

e
P(4) = —55 =357 = 0.0019

P(T) = 1 — P(A) = 0.9981



Using the logit model and given the following information, Where, k refers to the mode of
transportation. The proportion of person-trips by private autos is: *

The log it model is as follows - Uy = Ay — 0.05T; — 0.047T, — 0.037, — 0.014C

Wariable Private Auto Mass T ransit
T ,= access time (mim _) 3 7
 Tw= waiting titme (min. ) O 10
T.~riding time (min.) 20 30
C= out-of pocket cost 130 o5
(cent)
Calibration constant_ A, -0.01 -0_.07

= —0.01 — (0.05 * 3) — (0.04 * 0) — (0.03 % 20) — 0.014 * 130 = —2.58

Up
U, =-0.07—-(0.05*7) —(0.04 x 10) — (0.03 * 30) — 0.014 * 95 = —3.05

e—2.58

P(P) =+ = 0.615

—2.58 + e—3.05
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« Trip Distribution 500 trips > ©

* Mode Choice Sz t.nps >
Bus: 50 trips >

Subway: 150 trips >
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(JRoute choice = traffic assighment

* Route Choice Route 1 : 50 trips

Among 300 trips of Car /‘\
>
@ Route 2 : 150 trips O

Route 3 : 100 trips

Ay Al dahaiall g J oV dshaial) o e oy 5 Gl e 3 Ellin aa g
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Approaches

1. Diversion curves ( Jif Lgalasiul)

2. Minimum time path (all-or-nothing) assignment
, zesaall JSEIL Lo sl S Vg Jalse 40 a0 Y Y haliall (e Ba0ae Ao g8 8 a0di

3- Minimum time path with capacity restraint.
cdelaS Ul aga & singa s 5 (5 il (3 )kl daidl o Sy



1. Diversion curves,

 Example:
Time on Route A = 9
Time on Route B = 6

Percent Travel on Route B

Present travel Route B = 80%

Present travel Route A = 100% — 80% = 20%



D Aaladial) Jay elld 5 aUadl) AN Qg
1- Only 2 routes .
2- Curve should be available .

3- Is not adequate for large population centers .




Minimum Path Algorithm

Why do we need to find the shortest path?

—In the trip assignment (or route choice), the
model assumes that people try to travel the
minimum-travel-time paths

—The problem is finding the minimum-travel-
time paths connecting each O-D pair for a
given set of link travel time.

All-or-Nothing Assignment

Clladl | alsa 3 ge w0 sST ol OSee g JBl 05 O a8 s ) J Gk sl
Calaal A SO Y Al G skall g Aa Sl J g J8) alay) L
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* All trips are assigned on the shortest route which
is the minimum travel time or cost between

zones \ . . - NS N R T
Givb 058 8 L] 3,k o)) 4dlil)

— Simple and inexpensive to perform UK Aol (25 2 g s?’m d"J‘L’J g e

— Does not take account of congestion effect Gaob Sl s LR ENTIR ENE Y

AL Ay jia 2835 (i gus and o OIS
* Assumes there is no travel time change due to increased ] =2 Cﬁ e R U=S
traffic
* Flow patterns could be unrealistic

* Can be used for special cases (significantly under-saturated
traffic etc.)
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e to determine which route that will be, it is
necessary to find the shortest route from the
zone of origin to all other destination zones.

* The results can be depicted as a tree, referred to
as a skim tree.

* Each zone is represented by a node in the
network which represents the entire area being
examined.

TAZ (1 dc gana g 2 o ALlS Al jy dahaie ool | alaatind o g (s3] (G yhall 2aas S
axiiuall OOl sall aai a Leagels | TAZz 5 TAZ On e OOl dae (agri o
Ja Ao g pe ol 23N a3 43yl ddlica) o)) Jla 8 Jaisal) 80§ 2K 138 (e 32501 Lo
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N
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Node(Zone or TAZ) dahis

Figure 2.14 Simple assignment network with link travel times. Li nk(route)




Origin-Destination Trip Table:

* Assignthe vehicle trips shown in the following O-D trip table to the
network, using the all-or-nothing assignment technique. To summarize
your results, list all of the links in the network and their corresponding
traffic volume after loading.

From/to

Trips between Zones

- 100 | 100 | 200 | 150
400 - 200 | 100 | 500
200 | 100 - 100 | 150
250 | 150 | 300 - 400
200 | 100 /50§ 358 PR

kUl oS 2 g Y
. daal gl Ashaial) JAla




[ =origin

d = destination :>

From/to

100

100

Trips between Zones

200

150

400

200

100

500

200

100

100

150

250

150

300

400

200

100

50

350

2A

2P



Highway Network:

8 min

[ 2min

S min

6 min




Nodes Link Travel
From To Path Time
1 2 1-2 8

3 1-2,2-3 11
4 1-5,5-4 11
5 1-5 5
2 1 2-1 8
3 2-3 3
4 2-4 5
5 2-4,4-5 11
3 1 3-2,2-1 11
2 3-2 3
4 3-4 7
5 3-4,4-5 13
4 1 4-5,5-1 11
2 4-2 5
3 4-3 7
5 4-5 6
5 1 5-1 5
2 5-4,4-2 11
3 54,43 13
4 5-4 6

8 min

5 mm

6 min

128 Jgaadl 8 La Lol i Lavice
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Nodes Link Travel
From To Path Time Volume
1 2 1-2 8 100
3 1-2,2-3 11 100
4 1-5,5-4 11 200
5 1-5 150
2 1 2-1 400
3 2-3 200
4 2-4 100
5 2-4,4-5 11 500
3 1 3-2,2-1 11 200
2 3-2 3 100
4 3-4 7 100
5 3-4,4-5 13 150
4 1 4-5,5-1 11 250
2 4-2 150
3 4-3 300
5 4-5 400
5 1 5-1 200
2 5-4,4-2 11 100
3 5-4,4-3 13 50
4 5-4 6 350

L aaa e T Ll aa g 1 dage diadka
anxall g lia (e ailiady o520 J gV anall
LAy (Al o gtie HAY]

Example :
From5to4is 350

Example :
From3tob5is 150

Trips between Zones

From/to
- | 100 | 100 | 200 | 150
400 | - | 200 | 100 | 500
200 | 100 | - | 100q 150
250 | 150 | 300 | - | 400
200 | 100 | 50 ¢ 350 ) -




1-2 200 1-2 100 |100+100
1-2,2-3 ( 100 =200

2-1 600 2-1 400 [400+200
3-2,2-1| 200 =600

1-5 350

5-1 450

2-5 0 2-4,4-5 0 0

5-2 0 5-4, 4-2 0 0

2-3 300

3-2 300

2-4 600

4-2 250

3-4 250

4-3 350

4-5 1300

5-4 700

Jadi ¢ atliai 44 yla (oS LA aaal)
C)SI 3 e oS (5515 4 slhaall dlia I
A BB e JS Ay Jsaall
psaall aeni ol oy paall

Volume assigned



Example:

1. Assign the vehicle trips shown in the O-D trip table to the network shown in Figure
below using the all-or-nothingassignment technique.
2. Make a list of the linksin the network and indicate the volume assigned to each.
3. Calculatethe total vehicle minutes of travel.
4. Show the minimum path and assign traffic for each of the five nodes.
Trips Between Zones
From/To 7 2 3 4 5
1 0 100 100 200 150
2 400 0 200 1040 SO0
3 200 100 0 100 150
4 250 150 300 0 400
- 200 1040 50 350 0




Nodes Short Path ID Travel
Time
From To From | To
1 2 (1.2) 1 8 2 1] (21) >
3 2,3 6
3 (1,2)(2,3) 2 11 (2,3)
4 (2,4) 7
4 (1,5)(5,4) 3 11
51 (2,4)(4,5) 8 11
5 (1,5) 4 5
Nodes Short ID Travel Nodes Short Path ID Travel
Path Time Time
From To From | To
3 1 (32)(21) 9 11 4 1 (4,5)(5,1) 13 11
2 (3,2) 10 3 2 (4,2) 14
4 (3,4) 11 7 3 (4,3) 15
5 (3,4)(4,5) 12 13 5 (4,5) 16




Nodes Short Path ID Travel Time
From To

5 1 (5,1) 17 5

2 (5,4)(4,2) 18 11

3 (5,4)(4,3) 19 13

4 (5,4) 20 6

From To

1 2 (1,2) 1 8 100
3 (1,2)(2,3) 2 11 100
4 (1,5)(5,4) 3 11 200
5 (1,57 3 5 150



Nodes Short Path ID Travel Time Traffic Volume
From To
2 1 (2,1) 5 400
3 (2,3) 6 200
4 (2,4) 7 100
5 (2,4)(4,5) 8 11 500
Nodes Short Path ID Travel Time Traffic Volume
From To
3 1 (3,2)(2,1) 9 11 200
2 (3,2) 10 3 100
4 (3,4) 11 7 100
5 (3,4)4.5) 12 132 150



Nodes Short Path ID Travel Time Traffic Volume
From To
4 1 (4,5)(5,1) 13 11 250
2 (4,2) 14 150
3 (4,3) 15 300
5 (4,5) 16 6 400
Nodes Short Path ID Travel Time Traffic Volume
From To
5 1 (5,1) 17 5 200
2 (5,4)(4,2) 18 11 100
3 (5,4)(4,3) 19 13 50
4 (5,4 200 o 350




Link Used in Path ID Trips or Travel Time Link Travel Time or
Volume assigned Total vehicle minutes of
travel
(1,2) 1,2 200 8 200*8=1600
(2,1) 5,9 600 8 600*8=4800
(1,5) 350 5 =350*51750
(5,1) 450 5 450*5=2250
(2,5) 0 12 0*12=0
(5,2) 0 12 12*0=0
(2,3) 300 3 300*3=900
(3,2) 300 3 300*3=900
(2,4) 600 5 600*5=3000
(4,2) 250 5 250*5=1250
(3,4) 250 7 250*7=1750
(4,3) 350 7 350*7=2450
(4,5) 1300 6 1300*6=7800
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¢ Node i Al &ajllaxe oS

1 600+450 1050
2 200+0+300+250 750
3 300+350 650
4 600+250+700 1550

5 350+1300 1650



12:21 Determine the minimum path for nodes 1, 3, and 9 in Figure 12.19. Sketch the final
trees.

5 min 2 min

@ @ 3
4 min 3 min 4 min
= 3 min = 4 min Yy
@ &), O
2 min 6 min 6 min
6 min 3 min




5 min 2 min
O——O0——0

4 min 4 min
3 min 4 min
4 ()t (0
<i>
2 min

OO0
6 min 3 min

4 min

3 min 4 min




d Q(Years). Determine the minimum path for nodes 2, 4 in figure below .
Sketch the final skim trees for nodes 2 , 4.

S min

-,
Nodes Short Path Nodes Short Path
From To From To

2 1 (2,1) 4 1 (4,5)(5,1) @( 4

3 (2,3) 2 (4,2)

4 (2,4) 3 (4,3)

5 (2,4)(4,5) 5 (4,5)
4



Other models used to Model

Demand o |
dalalY) Jagal) e alias Jaga o8 5 s AT J3 50 aladil
CAag Y il ghadl) oA g Ui gia gal
TRIP GENERATION SOl ad i a9 (J Y 8 shadldl

Cross — Classification used to compute T.P and T. A

Trip rate used to compute T.Pand T. A

1ASA (6T ) Baladl &y
4 Trip attraction use Trip rate . _

U Trip Production use cross — classification.




TRIP DISTRIBUTION Ll 23 g alaiind o5 0l a3 b Aulill 3 sl

d Model Split
(1) Direct Generation of transit trips,
(2) Trip End models,

(3) Trip Interchange Modal Split models.

d Traffic assignment Or ROUTE CHOICE
Diversion curves

All-or-Nothing Assignment



TRIP GENERATION

1. Typical Trip Generation Models

» Trip Generation models generally assume a linear form, in which the
number of vehicle-based (automobile, bus, or subway) trips is a function of

various socioeconomic and/or distributional (residential and commercial)
characteristics.

L_QL_\\)M\UM\.AA_\L; jS.M\ﬁ)t.d\ UMUCMY\L_\)A)J?MJJ}A\\&
@u\}a\@dmmjd\j\UM\m\ywsgmbj\ ™A Sl A 65 5 ghad
uh\.uaj\uﬁua Y Qlaria) g Jadaiy ala \..44\ PR ENIERCY m\.,u;w UaibalAll



* General form for linear regression:
I=b,+bZ +b,Z, +..+bZ,

Ti: no. of vehicle-based trips of a given type(shopping or
social\recreational) in some specified time period by household i

Jardl il gl (8 gui La) dana & 53 (pe al ) Lgy a gy Al Ol ) 2o

_ o Cdda N bl ol e 4 e Lle 2a jadl sass ST
» I = for specific purpose. )



b,: coefficient estimated from traveler survey data and corresponding to
characteristic Kk,

T=b,+bZ, +bZ, +..+bZ,

/ Coefficient of correlation

Intercept (Constant )

Z: characteristic k (income, employment in neighborhood, number of
household members) of household i.

Cnids gall 22 ol JAn S5 28 g ailiadll



Example:

 Aneighborhood has 205 retail employees and 700 households that can be
categorized into four types, with each type having characteristics as follows:

700 5355 o Jeny 5li 205 L dipne Aikaia A
e Aa )l ) o) sda Canieat 215 e

¢ oS add aS fpa B aa L) Al
OIS add oS (pa , B ) a2 5l Jeall g culllal

Hous-ehold Annual income, $ N.o. of nonworkers Worke-rs — et w‘
size in the peak hour departing *

1 2 40,000 1 1
2 3 50,000 2 1
3 3 55,000 1 2
4 4 40,000 o S



There are 100 type 1, 200 type 2, 350 type 3, and 50 type 4 households.

100 + 200 4+ 350 + 50 = 700 households

Assuming that shopping, social/recreational, and work vehicle-based trips
all peak at the same time (for exposition purposes),

7 AT Ol e o)) clilial) Jagus by (e e all 534
ey o) Whanka e Hlaill (e Gl 1)

determine the total number of peak-hour trips (work, shopping, social/recreational) using the
following equations:

JS0s ) ) JalSI 35l cig 8 A3 Al @l ) aae s  llall
g ald dlalag @llia aa gy & 4



For vehicle based shopping trips:

* No. of vehicle trips= 0.12+ 0.09 (HH size)+ 0.011 (annual income, 1000)-

\ 0.15 (employment in hundreds) \

daill Al s e haill Gk SO ) 2o
all e &8l i o) elile ag
d i = Shopping Trip e o a8l andi Gl clile ag

g, =0.12 g, =0.09 f,=0.011 ;= 0.15

Z, = HH size Z, = Annual income Z; = Employment



* No. of vehicle trips= 0.12+ 0.09 (HH size)+ 0.011 (annual income, 1000)-
0.15 (employment in hundreds)

type | Household Annual income, $ No. of nonworkers Workers
size in the peak hour departmg
3

1 40,000
2 50,000 2 1
3 3 55,000 1 2
4 4 40,000 3 1
40000 205

. Typel—012+009*2+0011* 0—0015*7—04325

_— IV g il J il 3l ase

#of trips for type 1 = 0.4325 x 100 = 43.25



.+ Type?2 =0.12 + 0.09 3 + 0.011 5100000 — 0.015 * % = 0.6325

#of trips for type 2 = 0.6325 x 200 = 126.5

55000 205

. Type3 =0.12 + 0.09 * 3 + 0.011 — 0.015 * == = 0.6875
1000 100

# of trips for type 3 = 0.6875 * 350 = 240.625

20000 _ 0.015 * 222 = 0.6125
1000 100

* Typed =0.12+0.09 «4 + 0.011 =

#of trips for type 4 = 0.6125 x50 = 30.625



Therefore, there will be a total of 441 vehicle-based shopping trips,

\

Y ol ol Gl Ll aal oS o) okl 2 alg (8 sl @Bl e B ke A8, 128

For vehicle-based social/recreational trips:

* No. of social/recreational trips= 0.04 + 0.018 (HH)+ 0.009 (Annual income,

1000) + 0.16 (no. on nonworking HH members) \
d i = Social ,recreational Trip il e )l O e iy
g, = 0.04 f,=0.018 f, =0.009 ;= 0.16

Z, = HH size Z, = Annual income

Z; = Nonworking HH members



For vehicle-based social/recreational trips:

* No. of social/recreational trips= 0.04 + 0.018 (HH)+ 0.009 (Annual income,
1000) + 0.16 (no. on nonworking HH members)

40000
1000

+ 0.16 * 1 = 0.596

+ Typel = 0.04+ 0.018 * 2 + 0.009

#of trips for type 1 = 0.596 * 100 = 59.6



50000
1000

+ 0.16 * 2 = 0.864

+ Type2 = 0.04+ 0.018 = 3 + 0.009

#of trips for type 2 = 0.864 « 200 = 172.8

55000

* Type3 =0.04+0.018 * 3 + 0.009 * 500

+ 0.16 *x 1 = 0.794

# of trips for type 3 = 0.794 x 350 = 262.15

40000
1000

+ 0.16 x 3 = 0.952

o+ Type4 = 0.04+ 0.018 = 4 + 0.009

# of trips for type 4 = 0.952 x 50 = 47.6



Therefore there will be 542.15 vehicle-based social/recreational trips

\z543

For vehicle-based work trips, there will be:

* T,=#of workers *x# of HH size in each type

Qi = Work Trips In total 1050 vehicle-based work trips
Type 1: 1*100= 100 trips
Type 2: 1*200= 200 trips alaall 58 Jaxins ol aodaias (53
Type 3: 2* 350 = 700 trips Ny, WY ol Qiall s 5 J el g

Type 4: 1* 50= 50 trips it 38 Alalaad) ol sty elde



d Q(Years). A transportation Study Area located in Zarga has been divided
into four traffic zones , the following data is available for these zones :

# of HBW trips produced per HH in each Zone :

Annual income
1000

Ti = 0.12 + 0.09(HH size) + 0.011 ( ) —0.3075

# of HBW trips attracted per HH in each Zone :

Annual income
1000

Ti = 0.04 + 0.018(HH size) + 0.009 < ) + 0.16(number of workers)



» Calculate the number of trips generated in each zone ?

Zone HH size Annual Number of Number of
income(JD) workers HHs in Zone

1 2 40000 1 100

2 3 50000 2 200

3 3 55000 1 350

i 4 40000 3 50

40000
1000

P1=0.12+0.09(2) + 0.011 ( ) — 0.3075 = 43.25

50000
P2 =0.12 4+ 0.09(3) + 0.011 1000 ) 0.3075 = 126.5

55000
P3 = 0.12 +0.09(3) +0.011 { -] — 03075 = 24036

40000
P4 =0.12 4+ 0.09(4) + 0.011 1000 ) 0.3075 = 30.63

'\ 9



Zone HH size Annual Number of Number of
income(JD) workers HHs in Zone

1 2 40000 1 100

2 3 50000 2 200

3 3 55000 1 350

4 4 40000 3 50

40000
Al = 0.04 + 0.018(2) + 0.009 1000 + 0.16(1) = 59.6

50000
A2 = 0.04+0.018(3) +0.009 =~ | +0.16(2) = 172.8

55000
A3 = 0.04 4+ 0.018(3) + 0.009

1000 ) + 0.16(1) = 262.15

40000
A4 =0.04 +0.018(4) + 0.009< 1000 ) + 0.16(3) = 47.6



2. Trip Generation with count data models e Poisson Distribution

There is a problem in the linear regression estimate for trips generation in
that the estimated models can produce fractions of trips for a given time
period, which is not realistic!

A Je Al W peday (IS ALl 3kl 8 ) fASH A8y il W daad Bagas 48 Hla
A3y yhall oda GlA | Uadll o) il (e g 53 Liled 138 (K05 a8,V 02 oy LS ) g

\ J SS\ L,JA S. et q‘w
A Poisson model can be used instead.
For trip generation (for a given trip type):
— A. T
e A
P(l ) = ‘
T.A Z:) 7!

T.P I



—A; 77;
pPry—=< 4 Qe:2.178

¢ OOl ded o gl 1 8 sl aae ()5S ol Adlaial L
0<Ti<o

s lia callay Ladie |, Al o sall € 48yl o2 5 gl (e Licalds Cai€ Y1 J) g
A o dla yelie callay V188 5 3 5l 5 ey JalS OBl dae 35S0 are S0

T, # of vehicle-based trips of a given type (shopping or

social/recreational) made in some specified time period by HH .

\

> i = for specific purpose. ¥ al By d g oS ¢



P(T;): Probability of HH making exactly T trips .
0<Ti<o

_QLJ\&ANJ&MBNE\(&}&QT@)T@L&;\
O0<P<I1

A4, :Poisson parameter for HH, which is equal to HH i’s expected
number of vehicle-based trips in some specified time period .

Average # of Trips



/1 Linear regression
. =

B: vector of estimate coefficients  Z;: vector of HH characteristics determining trip generation

Example

Following the previous example, a Poisson regression is estimated for
\_sﬂoppmg—trlp generation during a shopping-trip peak hour}The estimated
coefficients are :

Bzi: -0.35+0.03 (HH)+0.004(Annual income, 1000)-0.10 (employmentin
HH’s , 100)

The HH has 6 members, has an annual income of $50,000, retail employment
of 150

What is the expected number of peak-hour shopping trips?
What is the probability that the HH will not make a peak-hour shopping trip?




Expected number = Average

Bzi: -0.35+0.03 (HH)+0.004(Annual income, 1000)-0.10 (employmentin
HH's , 100)

The HH has 6 members, has an annual income of $50,000, retail employment
of 150

BZ 0.35+ 0.03 x 6 + 0.004 ' 0.01
.= —0. 03 * . * — 0.01 * —
‘ 1000 100

Z, —.035+0.03(6)+0.004(50)-0.1(1.5) _ 0 887 ZLn-ps

em=A, =’ =e



Probability of making zero peak-hour shopping trips:

—0.887 O
pPOy=<¢ 9887 5412
O!

Gl g DA a5 ghuy Cla ) 23wy alAEY) a8 o) dllaia)
% 41.2 s» 33,3



Discrete Distribution

P(T <2)=P(0) + P(1)

\/

B 2 GO
e A’

7!

shopping

P(T,) =

P(T <2)=P(0) + P(1) + P(2)

shopping



P(T >2)=1—[P(0) + P(1) + P(2)]

shopping

P(T >2)=1-[P(0) +P(1)]

shopping —



Trip Distribution
2. Growth Factor Models

This method was widely used when O-D data were available but the
gravity model and calibrations for F factors had not yet become
operational.

Al 23 g0 J U e J8 | Laash Loaladind o3 3L o3

Growth factor models are used primarily to distribute trips between zones
in the study area and zones in cities external to the study area.

A Internal (in study Area )to External(out study Area ).



cannot be used to forecast traffic between zones where no traffic currently
exists.

sl 8 Loayl | priidaie (e OOl 2 50 Y LWl 1))
c el e s Ghie pad a5 O3l Gl S

the only measure of travel friction is the amount of current travel.

ol A talata (Lo Culd (G sSan SOla Yl dae | 9IS IS 8 aa 0 Y
e & i 10 2 ¢ S AW

cannot reflect changes in travel time between zones, as does the gravity
model

QAJ\ uﬁ Q\ﬁjﬂ\ GEETE L"U&;J\ AAC L“,’A ).u_d\ MJ&A L\.\SA.\ Y
oS S el Jalae e




Fratar Method: a mathematical formula that proportions future trip
generation estimates to each zone as a function of the product of the
current trips between the two zones Tij and the growth factor of the

attracting zone Gj

Aad giall liiiall Ol I e ol Jany g | Azl ) Aalas (0 5 e A
co Lo Al sl G e Jrals el A8e e ol riahaie W o 5S3 0l
sl Jats 3 Aslaiall g sl 2 a3 il Ailaiall el Jelae 5 riilaiall



.. =

I = number of s estimat

t = present
(7, = growtf

T,‘ - l,*G,' =
[, = number of tr

0=y

I::I:GJ']

(rip generat

factor of zor

. o

Ol

eX
uture trip generation In Zone |
s between zone | and other zones x

E I:’.n:Gx

ed from zone i to zone |
In zone |

= present rips between zone 1 and zone |

(5;= growth factor of

l:origin

BONC o

j:destination



[ = number of trips estimated from zone  to zone |

(,= present trip generation in zone i

(; = present trips between zone i and zone |

[, = number of trips between zone i and other zones x

[} = 1,; = future tnip generation n zone |



(7, = growth factor of zone x

(5; = growth factor of zonc



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 and that trip generation will
be increased to the amounts shown in the last column of the table,

Determine the number of trips between each zone for future conditions.

Table 12.17 Present Trips between Zones

Zone A B C D
A — 400 100 100 Present = C'U,T'T'ent
B 400 — 300 —
C 100 300 — 300 t..
D 100 — 300 — Yy
Total 600 700 700 400

Table 12.18 Present Trip Generation and Growth Factors

Present Trip

Generation Irip Generation
Zone (trips/day) Growth Factor in Five Years
A 600 1.2 720
B 700 1.1 770
C 700 1.4 Y80
D 400 Protectedwiin frwadl,au,mu pravvatermarkiysh \_Jlﬁ?‘fﬂamm QOESHIP!




G,
2 [ i_rG.t T A H

Ti;' = (!le )

X
Table 12.18 Present Trip Generation and Growth Factors i- A
Present Trip

Generation Trip Generation

Zone (trips/day) Growth Factor in Five Years
CA 600 1.2 720
B 700 1.1 7
C 700 1.4 U0
D 400 1.3 520

t G

Y i

Table 12.18 Present Trip Generation and Growth Factors

Table 12,17  Present Trips between Zorks

L

G,

L 4

Present Trip

Zone A B ¢ D Generation Trip Generation
A B 400 100 100 Zone (trips/day) Growthffactor in Five Years
B 400 - 300 - A 600 70
C 100 300 - 300 B 700 1.1 770
D 100 - 300 - C 700 "'“HJ 980

Total 600 700 P otected Withi reeNVersior /ersionidoesnit mark!|')) 13 520




YO A x=B,C,D
Efi_rG.t

X

Ti;’ = (I:Gi )

Table 12,18 Present Trip Generation and Growth Factors

Present Trip
Generation Irip Generation
Zone (trips/day) Growth Factor in Five Years
A 600 720
B 700 70
C 700 980)
D 400 520
Lap G, B
tAC
Table 12.17  Present Trips bet
Zone A B C / D t
< » — lap
A - 400 100 100=
B 400 - 300 -
C 100 300 - 300
D 100 300 -

Total 600 700 P/otected Withi e SWVersior




rG

R X
400 X 1.1 e dahalarle
Fap=600x 1.2 (400 X 1.1) + (100 X 1.4) + (100 X 1.3) o i sl (Bl S35
J) 53l g Jaaill
400 < 1.2
a=T7 (400 X 1.2) + (300 X 1.4)
ad 1) 1 g criaaddl) J Jan giall AL A
= Lyt 1Ty, _ 446 + 411 _ U5 Jstal) (b A gad cigun (s
TAB- T T 428 SIS
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Table 12.19 First Estimate of Trips between Zones

Estimatred Acrual

lotal Trip Irip
Zone A B C D Generation Generation
A — 428 141 124 693 720
B 428 — 372 —_ s00 770
C 141 372 — 430 043 080
D 124 —_ 430 — 554 520
Totals 693 S00 043 554

A Ak dllia a5 o805 Jo¥) S J Jias Jsaal) 134

. 693 s 23al) ela cliluall 8 (K15 720 s 22all (5585 o)) & sidll

Estimated Total trip Generation + Actual Trip Generation



sl lpany (e plll )l ST Al 23 sad 8 Lilad LS U ) S5 Jand ) Lle &l
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Estimated Trip Actual Trip

Generation Generation Growth Factor
A 693 720 1.04
B T70 .96
C 043 080 1.04
D 520 0.94

@\_\J\ J\)SJ\ e@_am 9 g u_d\ ?"SM

72

d New Growth factor = 692 = 1.04



Average Growth Factor Model.

A more general form of growth factor model than the Fratar method

A8l 48 Hhall (e dale K145y 5k o

Rather than weighting the growth of trips between zones i and j by the
growth across all zones, as is done in the Fratar method,

the growth rate of trips between any zones i and j is simply the average of
the growth rates of these zones.

Canle JUe AU G gy gall) Jalaa J Jawgial) 38T Laials o8 A3y Hhall 3 <4




(G + G,
P

Future Current

Application of the average growth factor method proceeds similarly to that of
the Fratar method. As iterations continue, the growth factors converge toward
unity.

e Iy S pria i g AL



Example

Using th average growth factor method,\calculate the trip distribution for

two Iterations:

Present Trips between Zones First Iteration:

m““-n Present Trip Generationand Growth Factors

Present Totals Estimated
future totals

B 25 . 150 15

A 3
C 50 150 - 00 250 4 1000
D 25 15 200 C 400 2 800
TOtaI 100 250 PmiactarA»Qg ITeeWVETSIon aﬂgfgiarmawm Full vsrsilen) rJu:«au'lBgQth iark 1 300



G,+G . :
e T,j( : ") i: A j:B
==
34+ 4 future totals
TAB = 25 « [ ] = 87.5 2 i i
B 250 4 1000
Present Trips between Zones ( 400 2 800
EINEN NN > w1 om
' 0B
B 25 : 150 15
§ 50 150 - 200 O TBA
D 5 75 200 : gail) Jalaa Jans gle loony Liad Wil o Legbuny 0 83 Y

TOtaI 100 250 400 Protaclagmi.h (== varslan af VY



2 3+1
TAC = ——| =125 TAD=25*[ 5 ]=50
4 1+ 4
TBC = = 450 TBD=75*[ ]=187.5
2 +1
TCD = =300




ZONE A B C D Estimated Actual
A - 87.5 125 50 262.5 300
B 87.5 - 450 187.5 725 1000
C 125 450 - 300 875 800
D 50 187.5 300 : 537.5 300

d New Growth factor = % = 1.143

d New Growth factor = %050 = 1.379

d New Growth factor = % = 0.914
300
d New Growth factor = —— = (0.558

527.5




A study area consists of two zones; the following are the O-D table and the trip generations in
5 years, Calculate T11 using Average growth factor method *

Origin 110
Lone 1 2 Totl - 1.1 = Growth factor for 1
| 2 15 100
2 75 50 125 11+ 1.1
Total 100 125 T11 = 25 * [ ] = 27.5

Present trip Trip
Zone | generation | generafion
(trip/day) | in3vears

1 100 110

) 125 150



Use Average Growth factor, 1 iteration

Observed trip ends

100 250
Zonal A cx B
growth (3) Observed zonal (4)
rate interchange
50
1%
25 150

(1) (2)

GUS Jls 138 5 ST Y laad) A& jh o Jlgdl 138 (8 legy e 1 ddBada




Present Estimated + 4
Zones Totals Growth factor Srowth Total TAB — 25 * [ ] — 875
A 100 3 300
342
TAC=50*[ ]=125
B 290 4 1,000 2
C 400 2 800
3+1
D 300 |1 300 TAD = 25 * [ ] =50
o 300
New present total = 87.50+125.00+ 50.00 New growth factor = 26 §

=202.5 =1.143




4+ 27
TBC = 150 * |——| = 450
4+ 17
TBD =75 « |——| = 187.5
442
TCB=150*[ > ]=450
2+1
TCD=200*[ 5 ]=300
4+1
TDB=75*[ > ]=187.5
2+1
TDC=200*[ . ]:300

New present total = 808. 04

New growth factor= 1 238

New present fotal =  865.49

New growth factor = 0.924

New presenttotal = 445,02

New growth factor=  0.674



Using the following figure of the zones

ABC 10 10

C

The three traffic zones A, B, and C shown in the Figure have their present distributed trips as shown on the links (2
way trip: origin-destination and destination- origin); knowing that there are no trips inside each zone (i.e. TAA=0,
TBB=0, ACC=0). Growth factor in 20 years will be: for Ais 2, for B is 4, and for C is 6.

Answer questions 12, 13, 14, 15 .and 16 hased

WAILS /C

.....



Calculate the following using average growth factor method for the first iteration: *
(1 Point)

T AS

13

Calculate the following using average growth factor method for the first iteration *
(1 Point)

T BC
14

Calculate T'AB using Fratar method: *
(1 Point)

15

Calculate T'BCusing Fratar method: *
(1 Point)

EIOIECIEUMWITNNTEENETSIONIOIAVVAENMAarkiyA=t || WETSIONa 0 ESHPUNISINArK



(G, +G,

I!r_,' = Ii‘i'( 9 )
4 + 2

TAB = 10 * [ = 30
4+ 6

TBC = 10 = [ = 50

G,

Tij = (IIGI )

Ef.ﬂ' Ty
TAB = 20 * 2 1D 16
— %k * —
10x4 4+ 10x6
TBA = 20 x 4 8§ & 20
— % * —
10x2+10=x6
16+20_
> —
TBC = 20 x4 19+6 60
p— k k —
10x24+10=x6
TCB = 20 + 6 10+ 4 80
— % * —
10 x4 4+ 10 * 2

60 +80

P
ol




ROUTE CHOICE



Route choice User Equilibrium O User Equilibrium = UE

The rule of choice underlying user equilibrium is that travelers will select a
route so as to minimize their personal travel time between the origin and

destination. : —_— .
Al By Al (Bl JUAas a3yl B Gy ladie el Bl Gl i W LS
Algil g sl ¢y ba (a3 B

User equilibrium is defined as:

The travel time between a specified origin and destination on all used routes is
the same and is less than or equal to the travel time that would be experienced
by a traveler on any unused route [Wardrop, 1952].

MJJM\E\.A‘&JJJAM?AAJ\}‘UAJMLJAJ Gaohll aladinl J Gualilia WAl aa o 48 Hlal) ol 8
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(1 Each route will have their travel times experienced as a function of :
» 1- Free flow travel time

» 2- Flow rate

» 3- Capacity

\/

+* Free flow travel time :

Jalall L3 b (pas ((alaal an e ) Gkl e LS e sl Ll aa gy ¥ 4l ny (sl Al g2l
Al 23l 6 oS 13

\/

**Flow rate : Equivalent hourly rate at which vehicles pass a point on a roadway
during a time period less than an hour and its unitis Vehicles per hour

aclis (e J81 Aia ) 3588 DA 3kl (e dasa adaie adadi il LS el J 4SS 4 5 pall o saall

s*Capacity : The maximum traffic flow that a roadway is capable of accommodating and its
unit (Vehicles per hour) .

= Max flow rate at which vehicles can reasonably be expected to cross a point on a roadway
during a given time period under prevailing traffic roadway and control conditions .



» Performance Function(PF)
. QY\*&&EQAU&\#&3MJM\ oh@d&ﬁd}u\gﬂa}\ O bl ddalea

Vehicles

d Counting # of vehicles crossing this point during an hour .

\AA)uA dsmgma\@ucg\c\.cud)\;(th C.L.s.d\ mci:mu\uus)d\w,m)ﬁ\
_u\JM\eS\J;uMdJLA\UAJA\uj&u@)ﬂ\dub\_\d\



JUE : in order for more than one route to be used (chosen), their travel times
should be equal .

» Methods of approaches :
1- UE PF’S.
2- Mathematical programming to UE .

(JUE (PF Function) : the form of the function will be :

. Xi

C;

t. : travel time on route i (Min)

t,; : free flow time travel on route i (Min)

p; : Coefficient of correlation between xi and t;
x; : Flow rate on route i (Vec/hr)

c; : Capacity on route i (Vec/hr)



Example 1:

iPeak—houﬁtraffic‘ demang Sbetween an origin-destination pair is initially 3500 vehicles. The
two routes connecting the pair have performance functions 7, = 2 + 3(xi/c)) and 1, = 4 +
2(x>/c2), where the £’s are travel times in minutes, the x’s are the peak-hour traffic volumes
expressed in thousands, and the c¢’s are the peak-hour route capacities expressed in
thousands of vehicles per hour. Initially, the capacities of routes 1 and 2 are 2500 and 4000
veh/h, respectively. A reconstruction project reduces capacity on route 2 to 2000 veh/h.
Assuming user equilibrium before and during reconstruction, what reduction in total peak-
hour origin-destination traffic flow is needed to ensure that total travel times (summation of
all x,t.’s, where a denotes route) during reconstruction are equal to those before
reconstruction?

» Demand = Flow
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Red : Route 1
|_ Blue : Route 2




» Performance Function(PF)
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JUE : in order for more than one route to be used (chosen), their travel times
should be equal .

X, +x, =3.5 sl (S ookl Y Gkl e W) 3500 s lS el ¢ san
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x, =3.5—x,

> = : 2 : =4 - 3.5
2+(E>X1—4+(Z>X2 +(E>X1— +<Z>*( . —Xl)

2+12x;,=4+05%(3.5—x)

N

2
t, =243 (—) = 4.6472

2
x, = 2.206
x, = 3.5 —2.206 = 1.294 1.2

t, =442 (T) = 4.6472
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Total Travel Time = Travel time * # of vehicles(Flow rate) Sle il J Gulie s
Total Travel Time = 4.647 x 3500 = 16264.5 veh — min ) AL Ay
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 Total Travel Time (Before) = Total Travel time (After)
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ty =1,

t1xq + %, = t(x +x) =t % q ‘ 44+ %) %xg = 16.2645 ‘ _ 16.2645
t,(x; +x,) =t *q ( )+ | 1 4 + x,
2+12x,=4+x2 [EEE)  q=167+183x, By use X, = q — X,

16.2645 16.2645
q = 1.67 + 1.83x, ‘ =167 +1.83x2 mmm) B =
4+ x, fhai iy YUSed = x,

1.83x,% 4+ 8.99x, — 9.5845 = 0 x, = —5.81(Not accepted ),  x,=0.90

q=1.67+1.83 %0.80 = 3.319 x:=3.319-0.90 = 2.418



3.5 —-3.139 = 0.181 = 181 vehicles
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Example 2:

Two highways serve a busy(Corridor\with a traffic demand that it 6000 vehicles
during the peak hour. The performance functions for the two routes are £, =4 + 5(x,/c,) and

h =3+ Tn/ey), where 's are in minutes, and flows (x’s) and capacities (¢s) are in
thousands of vehicles per hour. Initially, the capacities of routes | and 2 are 4400 veh/h and
5200 velvh, respectively. If a highway reconstruction project cuts the capacity of route 2 to
2200 veh/h, how many additional vehicle hours of travel time will be added in the corridor
assuming that user-equilibrium conditions hold?

e Corridir: 6000 vehicles = q B 0
alaa ) adde (3 )k Lk Fixed in before and after x and c = /100
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A TTT = Total Travel Time .

» Total Travel Time (Not Fixed )
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_4+<454> —3+(572) j> 4+(T54>x1=3+(%)x

Byusex,=6—x; ) 4+1.136(x,) =3+ 1.346(6 — x,) x, = 2.85

x,=6—2.85=23.15



tyx, +tx,  {[4+1.136(2.85)]2850 + [3 + 1.346(3.15)]3150}
60 B 60

= 723.88 veh — h
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5 7 5 7
t1=4+(ﬁ>x1 t2_3+(ﬁ)x2 :> 4+<ﬂ>x1=3+(ﬁ)x2

By use x, = 6 — x, 4 +1.136(x,) = 3+ 3.182(6 — x,) x; = 4.19
x,=6—4.19 = 1.81

tyxy + tx,  {[4+1.136(4.19)]4190 + [3 + 3.182(1.81)]1810}
60 B 60

= 875.97 veh — h

875.97 — 723.88 = 152.09
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(JExample 3 : Two route connect on O-D pair and the flow is 15000

veh/hr \

Route 1: t;=4+3x, q
Route 2 : t,=b+6x,

e X in thousands of veh/hr and t’s in minutes .

A) If UF flow on route 1is 9780 veh/hr, determine the free flow travel

time on route 2 ? \
— xl

B) Determine the equilibrium travel time ? alaa)) aags ¥
q=x +x, t, =4+ 3%9.78 = 33.34 t, =t,
15 =x, +x, t, =t
15 =9.78 + x, 33.34

44+3%x978=b+ 6%5.22

X, = 5.22 ,
h =202 free flow travel time on route



(JExample 4 : For the same previous example , if the population decline reduces
the number of travelers at the origin and the total (O-D) flow is reduced to 7000
veh/hr , determine UE travel times and flow ?

(el 5 Al cp Le A 1) o silasall slae ] aalaasl il g WSl slae | 8 zaladsl
4,14 = 15000 and gqnew = 7000

Find : t, t,, x,,x,?



(JExample 5 : three routes connect an O-D with the following PF’S :

T,= 8+0.5x%,

T,=1+2x,

T,= 3+ 0.75x%,

e X in thousands of veh/hr and t’s in minutes .

»If the peak traffic demand = 3000 veh/hr between the O-D pair, determine UE flows ?

\ /
q
x1,x2,x3
t,(3) = 9.5 t;(0) =8 t,(0) =8
t,(0) =1 t,(3) =7 t,(0) =1
t,(0) =3 t;(0) =3 t,(3) = 5.25
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X, + x; =3 =) t,=t, =) 1+2x%,=3+075x; == x3=3-Xx,

1+ 2x,=3+0.75(3 — x,) — x; = 1.545,x3 = 1.455

E

(d Example 6 : Three routes connect an O-D pair with the following PF’S :
T,= 2+0.5x,

T,=1+x,

T;= 4+ 0.2x;

X in thousands of veh/hr and t’s in minutes .

» Determine UF flows if total O-D demand is 10000 veh/hr ?

t,(0) =2

t,(0) =1

t,(0) =1
2 t.(10) = 6 YL DU 85 dendiiie (3 phall aaes g dualaia Ui il

t.(0) =4



xy+(1+0.5x,) + (—10 + 2.5x,) = 10

2+ 0.5x; =1+ x, 2+ 0.5x; =4 + 0.2x;

x, = 4.75,x, =3.375,x5; = 1.875

xy, =1+ 0.5x, x3 = —10 + 2.5x,




Mathematical Programming Approach to User Equilibrium

Equating travel time on all used routes is straight forward approach to user

equilibrium, but can become cumbersome when many alternative routes are
involved.

- Gk il LAY el sl aladinly o555 Al Ayl ) rlia
The approach used to solve this computational obstacle is to formulate the
user equilibrium as a mathematical program.

Specifically, user-equilibrium route flows can be obtained by minimizing the
following function [Sheffi, 1985]:

xﬂ
min S(x)=>_ jl‘n (w)dw n: a specific route ... s i S @ g gkl
n 0

t,(w): performance function corresponding to route n (w denotes flow, x,’s)
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This function is subject to the constraints that the flow on all routes is
greater than or equal to zero (x,20) and the flow conservation holds (the
flow on all routes between an origin and destination sums to the total
number of vehicles, q, travelling between the origin and destination,
Saladlall 8 e Lgidlie a5 33 5 5o (3L Bl & B9 jia e ST ) i W) il @ (385 eay ) e Y

qzzxn x1+x2+"°=q
n

Formulating the user equilibrium problem as a mathematical program
allows an equilibrium solution to very complex highway networks (many O-

Ds) 8aa (5 5S35 (5 yhall J GlSud e Jaladl) podains 48 Hlall 03

Solve by formulating user equilibrium problem as a mathematical program,

From Example 8.10. the performance functions are < o G s ot Qe 40y
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SOLUTION



v

min S(x) = Lxl(6+4w)dw+ f (4+ wz)dw
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X9
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0

0
2 x3
=27-6x, +40.5-18x, +2x; +4x, +—31
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(JExample : Solving for the following O-D pair which has a total flow
of 15000 veh/hr , with the following PF’S .

t,=4+3x,
t,=2.02+6Xx,
> Use the mathematical programming to find UE Flows ?

x,+x, =15 x; =15—1x,
_ 2 _
» . S(x) = x,2 — 10.44x, + 88.34
MinS(x) = J (4 + 3w)dw + J (2.02 + 6w)dw
0 0
dS(x)
15—x2 X2 =2x,— 1044 =0
MinS(x) = J (4 + 3w)dw + J (2.02 + 6w)dw dx
0 0

x, =15.22,x, =9.78
15 —x,

X2
S(x) =4w + — + 2.02 + —
2 2
U

0



System Optimization

From an idealistic point of view, one can visualize a single route choice strategy that
results in the lowest possible number of total vehicle hours of travel for some
specified origin-destination traffic flow. Such strategy is known as a system-optimal
route choice and is based on the choice rule that travelers will behave such that total
system travel time will be minimized even though travelers may be able to decrease
their own individual travel times by unilaterally changing routes. From this definition
it is clear that system-optimal flows are not stable, because there will always be a
temptation for travelers to switch to non—system-optimal routes in order to improve
their travel times. Thus system-optimal flows are generally not a realistic
representation of actual traffic. Nevertheless, system-optimal flows often provide
useful comparisons with the more realistic user-equilibrium traffic forecasts.

The system-optimal route choice rule is made operational by the following
mathematical program:
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Determine the system-optimal travel time for the situation described in Example 3

SOLUTION
t, =6+ 4x, =45-1x
— 4ty S(x) = ) t, )
R D=6 S(0)=6(45-1, ) +4(45-1,) 41, +1

8 3352 sall e gladll S(x)=x1(6+4x])+x2(4+x22)

| = -3, +108



(- " _ t =6+4(2.033)=14.13 min
Lfb(,‘f) B T Rl'-;. —38 =0 Xy = 2.467 Gougalie®. ( ) t1 = 2

dx, e it x, = 4.5 —2.467 = 2.033 t, = 4+(2.467)° =10.08 min

2033 *14.13 + 2467 * 10.08
TTT = = 893.2Veh — hr

60

Saving = 930 — 893.2 = 36.8 veh/hr

JExample : Two routes connect an O-D with the following PF’S
t,=5+3x,

t,=7+x,

X in thousands of veh/hr and t’s in minutes .

q=7000 veh/hr

Q1) What are UE flows and TTT ?
Q2) What are mathematical programming to find UE Flows and TTT ?




x1+x2=7 t,=1t, t1=5+3%225=11.75
5+3x1=7+x2
54+3(7—x2)=7+x2 x2 =475,x1=2.25

tl =t2=11.75
x1=7—x2

TTT = 1175 * 7000 — 82250 veh — min Type equation here.

(54+3x1) *x1+4+(7+x2) *xx2 =
5(7 — x2) + 3(7 — x2)? + 7x2 + x2?
x1 =7 — x2 After derative
8x2=40so0x2=5,x1=2

tl=11and t2 = 12

x1+x2=7

TTT =11 %2000+ 12 * 5000 = 82000 veh — min

Saving = 82250 — 82000 = 250 veh — min



Two roads begin at a gate entrance to a park and take different scenic routes to a single
main attraction in the park. The park manager knows that 4000 vehicles arrive during the
peak hour, and he distributes these vehicles among the two routes so that an equal number
of vehicles take each route. The performance functions for the routes are 7; = 10+ x; and £
= 5 + 3x,, with the x’s expressed in thousands of vehicles per hour and the #’s in minutes.
How many vehicle-hours would have been saved had the park manager distributed the
vehicular traffic so as to achieve a system-optimal solution?

SOLUTION

L.)Sj}-i“-‘*éj. < bd\}dd\b)ﬁu»sa
Adlie (el 3 o i

t1=10+2 =12 t2=5+3*2=11

2000
tl+x1 =12 % — 400veh — hr tZ*x2=11*2000

= 366.67veh — hr



Method 1 t1l=10+2 =12 t2=54+3%x2=11

2000
— 400veh — hr t2xx2 =11 % 0 366.67veh — hr

Axxl = 12 52200
b 3 = X
x 60

400 + 366.67 = 766.67veh — hr

x1+x2=14 S() = (10 +x1) x; + (5 + 3x)x2
dS(x)

=8x~)‘“‘13=0
x1=4—x2 3

S(x) =4x5 —13x, +56

gives X, = 1.625 and x; =4 — 1.625 = 2.375.

2375 1625
TTT = (10 + 2.375) * + (5+ 3% 1.625) *

0 = 757.27 veh — hr

Saving = 766.67 — 757.27 = 9.38 veh — hr



d Q(Years).

13. Two roads connect the same O-D; it is known that 10000 vehicles arrive during the peak
hour, where road one carry 75% of the vehicles. The performance functions for the roads are:
t1=10+XT1;

t2= 5+3X2.
What difference in vehicle-hours would have occurred if the traffic flow was distributed on the

two roads so as to achieve User Equilibrium? *



Basics of Engineering Economics
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Engineering Economy

It deals with the concepts and techniques of
analysis useful in evaluating
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— the worth of systems, products, and services in
relation to their costs
@, il aBY) aladiuly agillS 1) Ao Gleadl) | i) | Akl Ao
e it (g 1) daddd) e €13l Jilie Jladl (e gpma lia ada) (g Ul ing




It is used to answer many different questions
Which engineering projects are worthwhile?

* Hasthe civil engineer shown that constructing a new road is worth
developing?
zaa s Ja € Ldany ol o e can gy ) daigh) o il (e g1 JgY) Jligmd) | ALY (e de gana
Which engineering projects should have a higher priority?
Has the civil engineer shown which transit improvement projects should
be funded with the available budget?
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How should the engineering project be designed?

Has civil engineer chosen the best alignment for the proposed roadway?
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Basic Concepts

Cash flow
Interest Rate and Time value of money

Equivalence technique:

Equivalence technique:
— Economicequivalenceis a combination ofinterest rate and time value of
money to determine the different amounts of money at different pointsin
time that are equalin economicvalue.
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Cash Flow

Engineering projects generally have economic consequences that occur over an
extended period of time:

For example, if an expensive piece of machineryis installedin a plant were
bought on credit, the simple process of paying for it may take several years
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Cash Flow

The resulting favorable consequences may last as long as the equipment
performs its useful function

Each project is described as cash receipts or disbursements (expenses) at different
pointsin time
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Categories of Cash Flows « Inflow (+) (Receipts)
 Outflow(—) (Expenses)

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 E

2. Operationsand maintenance (O&M): annual expense, such as E
electricity, labor, and minor repairs
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Categories of Cash Flows

3. Salvagevalue:receipt at project termination for sale or transfer of the Ror E
equipment (can be a salvage cost)

4. Revenues: annualreceipts due to sale of products or services R

5. Overhaul: major capital expenditure that occurs during the asset’s life ~ E
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Cash Flow diagrams

* The costs and benefits of engineering projects over time are summarized on a
cash flow diagram (CFD).

e Specifically, CFD illustrates the size, sign, and timing of individual cash flows,
and forms the basis for engineering economic analysis

e A CFD is created by first drawing a segmented time-based horizontal line,
divided into appropriate time unit.

e Each time when there is a cash flow, a vertical arrow is added — pointing

down for costs and up for revenues or benefits. The cost flows are drawn to
relative scale

d Cash flow diagram(CFD)
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Cash inflow:

receipts, revenues, incomes, and savings

<
N3
$1,000 ‘ generated by project and business activity. J.JJA.; L;u (...S\ J.;ﬁ y
Plus Y0 A—Aa»\)j‘ s

1 2 -
Minus 540
e $580 >

Cash outflow:

costs, disbursements, expenses, and taxes
caused by projects and business Cash flow
activity.

Receipts, Revenues, Incomes, and Savings Generated by project and business activity.
e ¥l 5 5 piall Ll e dalill @l jaaall g Jaall s clal Yy cdlasiall

Costs, Disbursements, Expenses, and Taxes Caused by projects and business Cash flow
activity.
eV 5 o ylinall dpaal) culaaad) ol e dadlill (il puzall 3 ild 5 yuaall g cile sdaall g Callsal)



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

Revenue:JD50,000 to JD75,000 per month in sales for extended battery life
iPhones
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Cash Outflow Estimates

Operating costs: JD230,000 per year annual operating costs for software services
First cost: JD800,000 next year to purchase replacement equipment

Expense: JD20,000 per year for loan interest payment to bank

Initial cost: JD1to JD1.2 millionin capital expenditures for a water recycling unit

a3 e JLl Gl p AU ARRY | el ) Alaea o Sy Juantal) alS 3 190 Ak
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.\}v( | .l\'l lln\\ — cash ill”u\\\ — ’.l\ll nul”u\\\
NCF =R — D

NCF is net cash flow, R is receipts, and D is disbursements.

NCF(+): = 25
NCF(—): 3)bsa 2 g
NCF(0): s)wa Yy ¥, Jul Ll )l ela )



Assume you borrow JD8500 from a bank todayto purchase an JD8000 used car for
cash next week, and you plan to spend the remaining JD500 on a new paint job for
the car two weeks from now.

Dl 8000 Aasy Alentivin 3k o) p&l o sl il 2af e a2 8500 o s il = sl
a3 3 jndl Baaa o OUa diday e dadall i 500 Gy daadi g ¢ Jisdl g san) 138
Y e e sl
There are several perspectives possible when developingthe cash flow diagram—

those of the borrower (that’s you), the banker, the car dealer, or the paint shop
owner.
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today

$8500
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One, and only one, of the perspectives is
selected to develop the diagram.

Y
S8000

Week
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Perspective Activity Cash flow with Sign, $ Time, week

You Borrow +8500 0
Buy car -8000 l
Paint job -500 2

Banker [ender -8500 0
Car dealer Car sale +8000 l
Painter Paint job +500 2
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An electrical engineer wants to deposit an amount P now such that she can
withdraw an equalannual amount of A1 $2000 per year for the first5 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 appearifi
8.5% per year?
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A, = 52000 !
| 1 2 3 - 5 6
l i=85%
P=7
/ 5Ll
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A rental company spent $2500 on a new air compressor 7 years ago. The annual
rental income from the compressor has been $750. The $100 spent on
maintenance the first year has increased each year by $25. The company plans to
sell the compressor at the end of next year for $150. Construct the cash flow

diagram from the company’s perspective and indicate where the present worth
now is located.

Sl JAa S Gl gin 7 J8 aoa el ga Jaclin e Y 502500 eali A< y8 caa
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End of Year Income Cost Net Cash Flow

-7 § 0 $2500 $-2500
-6 750 100 650
-5 750 125 625
-4 750 150 600
-3 750 175 575
-2 750 200 550
-1 750 225 525

0 750 250 500

| 750 + 150 275 625

Net Cash Flow = Income — Cost

* dus s il QUaA D) (ean

Y bl ol il e o3l

Lgﬂ\ Jaall ( ) gl Az d.\a) G.m\.d\
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125 luall jaf daeall daul) ¢usy 25
bl dga 55 A )l puzin QY 13Sa

L AS d P @;U:mi\



p="2 " End of Year Income Cost

S?p‘ BB 8600 ¢ /} s -7 § 0 §2500

R S - IV § 750 100

f = I 750 125

t 4 750 150

-7 <6 =5 —4 Nl 2 S & Tl 175

=, 750 200

-1 750 225

Y | 750 250
et 1 750 + 150 ik

\
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Wﬁe\gﬁéﬁ\ RYY



Interest Rate and Rate of Return

Computationally, interest is the difference between an ending amount of money
and the beginning amount. (if diff. is zero or —ve=> no interest)

W jlate 38 s o)) | 5Ly 3000 a0 j G Al die 5l 2000 i il Lo
uu\jﬂ\u)&u\&}wﬁjom\ahﬁ&u\ 2138 jiia (g glud Balall cwalS 1Y) - jls 1000
. bl
There are alwaystwo perspectives to an amount of interest —
— interest paid and interest earned.



Interest paid on borrowed funds (a loan) is determined using the originalamount,
also called the principal,

Interest= amount owed now - principal e & 3ail4ll

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 unit

Interest rate (%) = o x 100% 4y gia At & BASAY
principa

B 5 par ) ladia ddwg (LB e Jeas) 1358 dalaia f (add i Bl Ladic
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Loan

Repayment
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Example:

An employee borrows JD10,000 on May 1 and must repay a total of JD10,700
exactly 1 year later. Determine the interest amount and the interest rate paid.

Ol 106700 (Hlaa) dlas agle gy sle 1 8 5 10¢000 Ul L (pils gall ] Al
6 ginall 33l jauy 30l alia apand Jaslly aaly ale aa

Interest paid = 10,700 - 10,000 =JD 700 L Andy Chgn (o3 alual

o=l 2AY daiy saly )

7
Interest rate = 10000 X 100% = 7% per year >4 gl saslall A




A company plans to borrow JD 20,000 from a bank for 1 year at 9% interest to buy
new equipment.

Compute the interest and the total amount due after 1 year.

3l Jaaodll Cilaral 79 323y 2 5 ale Baad @iy (0 Y 53 20000 Ul j8Y Llads a8 4
foaa) 9 A 2ay (3adisal)  Alaa ) alial) g 320010 sl

Total interest accrued: Interest = JD20,000* (0.09) =JD1,800

The total amount due= 20,000+1,800= JD 21,800 ~— oAl e3AY

Al dy Ay O g oA Jlal)
Or :

20000(1 + 0.09) = 21.800



From the perspective of a saver, a lender, or an investor, interestearned is the final
amount minus the initialamount, or principal.

Interest earned = total amount now — principal

Interest earned over a specific period of time is expressed as a percentage of the
originalamount and is called rate of return (ROR).

Interest accrued per time unit

Rate of return (%) = x 100%

principal
Jle Jde dianyg Jlsal (ol i) ol Jlafiind gl b g dadaia gl (il oy Ledic
sl 5 S

O Loan

/\ - Repayment

Investor + interest
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Example:

a. Calculatethe amountdeposited 1 year ago to have JD1000 now at an interest rate
of 5% per year.

Pl (s 75 32d e ¥ 2 1000 oY) <l <Al ale J8 tq}d\ éje.d\ |
b. Calculatethe amount of interest earned during this time period.
Aaie 3 3 yaal) i IO Ayl saalal) cj.m (ea |

Total accrued = deposit + deposit * (interest rate)

JD1000 = X + X (0.05) = X* (1 +0.05) = 1.05 X ——» 2 lad) &hall Ge 300e 1000
Aagil e Jeaal a1 50410
Gl A adad) 13d 2

The original deposit is: ; .

1000 e




To determine the interest earned:
dagi lgle Juaal Cagu 521 3304
Interest = 1000 - 952.38 = JD 47.62 _— idl & el 1agd riia

inflation can significantlyincrease an interest rate, by definition, inflation
represents a decrease in the value of a given currency.

Thatis, JD10 now will not purchase the same amount of gasoline for your car (or
most other things) as JD10 did 10 years ago. The changing value of the currency
affects market interest rates.

pn 400 8 dagdl) (alidn) e sl el g e pae ddma dles Aad b LGWAS) Al o
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[n simple terms, interest rates reflect two things: a so-called real rate of return p/usthe 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.
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The safest investments (such as government bonds) typically have a 3% to 4% real
rate of return builtinto their overall interest rates.

Thus, a market interest rate of, say, 8% per year on a bond means that investors

expect the inflation rate to be in the range of 4% to 5% per year. Clearly, inflation
causes interest rates to rise.

2L 5 1 4 i adzaill J S0 %8 o saldll ) Ji ladie | aSile Jeus S
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Time Value of Money

Money has value

— Money can be leased or rented
— The paymentis called interest

— If you put $100 in a bank at 9% interest for one time period you will receive
back your original $100 plus S9

Original amount to be returned = $100
Interest to be returned = $100 x .09 = $9

Sim sh s adaill Jla¥) alhea A g8 Coall g ) GRS G AR Atagd g dagd 4l Jlall
o 33Ul Ay s 5V 50 100 clidl 8 Caay o ey sl a8 J Al al dedll e
C ¥ 52109 e deanin | diu 33 %9



dinterest rate : The amount charged, expressed as a percentage of
principal , by a lender to a borrower for the use of assets . typically
noted on an annual basis .
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JTwo types of Interest
 Simple interest . 3218
« Compound interest S .l 32l



dSimple interest : When the total interest earned or charged is linearly
proportional to the initial amount of the loan (principal), interest rate,
the number of interest periods , the interest and interest rate are said
to be simple

iadll)) poa (sook) Lad anliy Alaaall gl AuniSall 520 aa) ()5S Loie sidasus 53
((. 30l &) 38 axe g 328l ja g (o Y1) mjall LQ;‘)!\

* Simple interest is calculated using the principal only, ighoring any
interest accrued in preceding interest periods.

Gl i 8 Asatiie 30U () Jalad ae ¢ Jatd Jlall (il alascinly ddawnl) salal) Cluial a3,
A e L 05 (8 g g A0S pall BAl) aadtl g Lgaladtil A5 Y Baladly g ALl 323



Simple interest = (principal)(number of periods)(interest rate)

I = Pni
P = principal amount lent or borrowed i yil) (sl alaall
N = number of interest periods (e.g., years) o Al Alas J daia 1 3l
i = Interest rate per interest period 3004l) Ay

The total amount repaid at the end of N interest periods is P + 1.

ALiaY) A e pga (A IS il 5 e



Example: If $5,000 were loaned for five years at a simple interest rate of 7% per
year, the interest earned would be

Simple interest = (principal)(number of periods)(interest rate)
I = Pni

P =5000 N =5 I=7%

[=95,000 x 5 x 0.07=9%1,750

sldll + L) alaall = IS dlaa¥) il

So, the total amount repaid at the end of five years would be the original
amount ($5,000) +($1,750) = $6,750.



JExample. Greentree Financing lent an engineering company
$100,000 to retrofit an environmentally unfriendly building. The loan
is for 3 years at 10% per year simple interest. How much money will
the firm repay at the end of 3 years?

3 32 m jall all gaaa pe e Enaail Y a (all 100 Asdia A4S 5 Cuca
T g 3 Al (A oalanw A8 LA gt Jlal) (e oS Asid) 8 710 Aasen 3208 & sh

The interest for each of the 3 years is

Interest per year = $100,000(0.10) = S10,000 —, 10000 gt e st
th PRI BAAXJ
Total interest for 3 years from Equation [1.7] is

Total interest = $100,000(3)(0.10) = $30,000 |— 10000 il e 20

(')A.Ls.n“' A5 DJASJ
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Simple :

1000« 0.10 = 100
Dl 1000 585 (Lo dliall e bt Cagan i 100, <o Y5 ol JBY) @ ol 43y il
Al daud) O salal) s

1000« 0.10 = 100
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(JdCompound interest: Interest that is computed on : The original unpaid
debt (principle) and The unpaid interest(interest on top of interest)

* In most financial and economic analyses, we use compound interest .

L dsmal Jgadl Ja A4S el 320 aadti ¢ 4pala®@Y) g adlall SO alana 4
o AS ye 32018 L el ca lal) & g

Totalinterest earned = I, = P (1+i)" - P
— Where,
* P-—present sum of money

* |i—interest rate
* n-number of periods (years)

Future Value of a Loan With Compound Interest



Future Value of a Loan With Compound Interest

Amount of money due at the end of a loan:

— F = P(1+i),(1+i),.....(1+i), or F=P (1 +i)" e 5okt o dluliiall

F = future value and P = present value

If i =9%, P=5100and say n= 2. Determine the value of F?

F= $100 (1 +.09)> =$118.81

v

F=I+P 118.81 =1+ P



Example:

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. Compute the annual interest
and total amount due after 3 years. Graph the interest and total owed for each year, and
compare with the previous example that involved simple interest.

Bl ¢ 53 S 5 Gsin 710 Jaxan 15¥ 53 100000 s dpuia 48 35 o) (sl
ol s 3 amy 20 g8l aan g Jlall Ll pddin g | A e 208

sl Wily syl s Gl gt 3 amy Gadiwall MaaY) aduall g 4 gid) 320080 Gl
Adag 328 Cpaial A bl QU ae o)l ¢ ale JSARatiuall o gaall  laa)

To include compounding of interest, the annualinterest and total owed each year are
calculated:



Simple interest:

faall | S5 a5 38 5all 320l 548 Ay 8 i LS JUiall 1aa
Year 1: 10,000
Year 2: 10,000 A.LJ...A.\ L8 GA SUAT sl L_il.m; e J.\a_u ej é...a\)”

Year 3: 10,000
Sum of interest= 30,000

Totaldue, year 3=

100,000+30,000= 130,000
—10

100000 34k aab Jla 3 dadal Gigos (5201 el
Aoty 32904 5 ) g 45D Bal

— 100

— 110

Amount owed (X $1000)

— 120

— 130




Compounded interest A4S ya B0LA LY | i Adead) | U JaY
Interest, year 1.~ 100,000(0.10) = §10,000

Total due, vear 1 00,000 + 10.000 lemm 7—» Axaai g (Al aluall 12a

[nterest, year 2: 10,00040.10) = $11,000 i

Tum] llllt_', vear _{ 1““““ T l]”““ \UHN)I) ?'___> dxa) LJ};..» Lﬁ'ﬂ‘ clmj\ | A8

Interest, year 3:  {121,0000.10) = $12,100 Al 4l A
Total due, year 3. 21,000 + 12,100 = $133.100 L | | | ——
100000 33k e Jla 3 4adai i gas 311 Aduall &
A4S e 323l g il gia D Bl = 100 -




An extra $133,100 - 130,000 = $3100 in interest is due for the compounded interest
loan.

For example, if the loan is for 10 years, not 3, the extra paid for
compounding interest may be calculated to be $59,374.

G g 3 pdie B e a jall IS g1 (3 8l daaY

Due to this geometric growth of compound interest, the difference
between simple and compound interest accumulation increases rapidly as
the time frame increases.
Aol 5308l aS) 55 G AN 323 ¢ A pall Bailall gl geill 138 G
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Compound interest reflects both the remaining principal and any accumulated
interest. For $1,000 at 10%...

(1) (2)=(1)x10% | (3)=(1)*+(2)
Amount owed Interest Amount
at beginning | amount for | owed at end
Period of period period of period
1 $1,000 $100 $1,100
2 $1,100 $110 $1,210
3 $1,210 $121 $1,331

Compound interest 1s commonly used in personal and professional financial
transactions.

Len s lina WS35 e slaall 038 asan



Notation for Calculating a Present Value

We can apply compound interest formulas to “move” cash flows along the
cash flow diagram.

Baa) g 8 yib o (<0 I adl) J&5 Uile UM 4dlid ¢ b o 4 jlal) jead Y
Using the standard notation, we find that a presentamount, P, can grow into a future
amount, F, in N time periods at interest rate i according to the formula below:

F=P1+iDN

Q\Jﬁum.}qtﬁlﬁd@dyéﬂ\ '&.\e.dn.é JU,)A1OO@9A&M=\QUA§JJ
%10 sy

-\ N _
(1 -+ z) | > single payment present worth factor.




. F
 (1+iD)N

150 58 4xle Uliaa od) adual) (1S il gl dsad a9 (paza idia £y Liad g
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(1+3)~

P

> single payment present worth factor.



Example: $2.500 at time zero 1s equivalent to how much after six years 1f the interest
rate 1s 8% per year?

P = 2500 (time is zero )

I = 8%
n==~6
F =7

%8 5ley il g A 2ay Lgtiadd 48 e 3 515 2500 oY) lad

F = $2,500(F/P, 8%, 6) = $2,500(1.5869) = $3,967

(1+0.08)°




Example: $3.000 at the end of year seven 1s equivalent to how much today (time zero)
if the interest rate 1s 6% per year?

ilall CuilS 5 3000 alaall s g il g a 22 9 (aza dlie g1l Lol
¢ W alial) oa Lad ©
F = 2500 era¥) el o Lt %06
i = 8%
n==a6
P =?

P = $3,000(P/F, 6%, 7) = $3,000(0.6651) = $1, 995

Lgaladiinaly o gt o L Ll jdle JSG0 (S0 5 Jalrall g Jslaa 2a g 1 Adiadla
bl JUal) & Ciain g WS (5 gl (aadatilly Jai g




Example:

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. Assuming that the cost of money is 10% per year,
compound interest, determine the following:

ki (2012 ale) bl JY 90 ¢y sake 200 Any | laiins) CiansY) phacs callaip
b ) 25 2 gl G Al e 5all 2012 alal A giall 2wl A ay il Ll
G Jlall 48K o a3l dad 30l ) o) adcaill Cun dla M a1 2012
A e 3 a3l ¢ g9 Aald) 4710
(a) The equivalentinvestment needed if the plant is built in 2015.
(b) The equivalentinvestment needed had the plant been constructed in the year 2008.

Al JE £ 8l 52015 ale b piaall el &3 Jla 8 28kl 2 J4Y) £ 8l
. 2008 (& poaall by o Jln A



(a) To find the equivalentinvestmentrequired in 3 years, apply the F/P factor. Use $1
million units and the tabulatedvalue for 10% interest.

F3 = P(F/P,i,n) = 200(F/P,10%,3) = 200(1.3310)
= $266.2 ($266,200,000)

dia 0 sadll 03 2012 & Y ais 2015 A b el i) 3 53
Osle 20098 Mol dlaal) () o jad i 5 %10 (o 3231l 5 Gl g 4530




(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 applythe P/F factor for n = 4 to find P-,.

P_, = F(P/F,i,n) = 200(P/F,10%,4) = 200(0.6830)
= $136.6 ($136,600,000)

Aia Y 3aal) 3 | 2012 4 bl 3liall 3 2008 (A Al adoall
2012 A& aliall o i (259 %10 (oA 320l 5 Ol g 4y ) &
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3. Minimum Attractive Rate of Return (MARR)

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.
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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.

JST 25 jliall (5585 5 dilall 4l e 33yl e Jill) g e Alalsall MARR - padin O
(Crallall) Cpomaall 8 (e sl g (J o 5l b)) ) AN as) e Jilaall e aal

ROR Jis 055 Y 4l

MARR is also referred to as the hurdle rate, cutoff rate, benchmark rate, and minimum acceptable rate of return.
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Rate of retumn.

percent
. Expected rate of return on
1 a new proposal
Range for the rate of return on
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proposals were rejected
for some reason
All proposals must offer
at least MARR 10 el | < M ARR
be considered
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Uniform Series Present Worth Factor and
Capital Recovery Factor(P/Aand A/P)

The equivalent present worth P of a uniform series A of end-of-period cash flows
(investments)
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An expression for the present worth can be determined by considering
each A value as a future worth F, calculatingits present worth with the P/F factor,

P=A[(lil)] [(1 ,)] A[(1+1)]
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_ 1 1 1 1 -
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Finding the present amount from a series of end-of-period cash flows.

(1 +2)N —17

P=A

(1

y

— A(P/A,i%, N)
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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?

Sale JS 79 53l le 20 53a Gsis ¥ 50 50.000 dlae b sl o sall dals el (5SS

P = $50,000(P/A,9%,N) = $50,000(9.1285) = $456, 427

(1+ i)Y —

0.09 * (1 + )20

| —



Finding A when given P.

Ci(144)Y
A=P = P(A/P,i%, N
v —1| = PA/PR%N)
O Ui g Ad g jaa Liayl Bailiy g Ll Ciig pa &l gl 38 jlaa Ao dndad g4 (o gled) dlial) Cijad Y

Al jall G s

Example: If you had $500,000 today in an account earning 10% each year, how
much could you withdraw each year for 25 years?

iy 88 ¢ Lgin 10 (o 30 Ay Sl A asdl H¥ 3 500000 b IS 1))
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A = $500, 000(A/P, 10%, 25) = $500, 000(0.1102) = $55, 100



Example:

How much money should you be willingto pay now for a guaranteed S600 per
year for 9 years starting next year, at a rate of return of 16% per year?

0 324l U gius 4 garzaa Y 50 600 Jilie ) 4xdal dlaeiial e 0685 ) cany Jladl (e oS
L sin 216 e Jamar ¢ Jiaall aladl (el & 5o

OV daling (o A il asllaall 5 %16 saili 5 il giw 9 32l GO0 dlie add 3y 5
A =S600, i =16%, and n =9. The present worth is

P = 600( P/A ,16%,9) = 600(4.6065) = $2763.90



A Cement 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,
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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, whatis the equivalent annual revenue base required for the recovery plus
the 10% return on money?
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P = 50( P/A,10%,5) 50(3.7908)
= $189.54 ($189,540,000)

The present worth value is less than the investment plusa 10% per year return,

A =200( A/P,10%,5) = 200(0.26380)
= §52.76 per year

The plant needs to generate $52,760,000 per year to realize a 10% per year return
over 5 years.



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 continuingthrough the last

F=A

(1+4+42)N —1°
— Z. —
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— A(F/A,i%, N)

n-2 n-1
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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

Finding A when given F. F=given

i=given
1 0 | ) n-2 n-l N

A=F ATV 1 = F(A/F,i%,N) —i—i

—
The uniform series A begins at the end of year (period) 1 and continues through 1=
the year of the given F. The last A value and F occur at the same time. (

a
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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?

aall (5S35 2 25 Dl dlia e Joans (S35 25 JSA & (g ghad) ilaal) 4 pa 3y 3
4o lae 3201425 1000000 5o Lol

A = $1,000,000(A/F, 10%, 25) = $1,000,000(0.0102) = $10, 200

It can be challenging to solve for N or i.

* We may knowP, A, and i and wantto find N.

* We mayknowP, A, and N and want to find .



Example: Acme borrowed $100,000 from a local bank, which charges them an
interest rate of 7% per year. If Acme 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
(P/A,7%,N) = $100, =

N
g5 (LODN -1
$8, 000 0.07(1.07)N

This can be solved by using the interest tables and interpolation, but we
generally resort to a computer solution. N= 30.7 years



Example:

The president of Ford Motor Company wants to know the equivalent future worth
of a $1 million capital investment each year for 8 years, starting 1 year from now.
Ford capital earns at a rate of 14% per year.
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F=1000( F/A, 14%,8) = 1000(13.2328) = $13,232.80*1000 =

$13,232,800
F =
o I Ja b litnal) Aliall 4 e o
o 1z 3 4 s & 7 s B 5ol i S (e 1 gy L
bbb b b %14 55li5 i s

A = $1000



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,
_ 88,000 _ . (1+4)° 1
$1,000 (

(F/A,i%,5)

Again, this can be solved using the interest tables and interpolation, but we
generally resort to a computer solution. 1= 23.69%



F

(JExample. How much will you have in 40 years if you save $3,000

each year and your account earns 8% interest each year ?
/8 sy 30ld Glilua (3ia s s 1Y 53 3000 s 13 Gle 40 3 el )5S oS
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A[(l

] — A(F/A,i%, N)
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F = $3,000(F/A, 8%, 40) = $3,000(259.0565) = $777, 170



Basic Analysis Tools

The evaluation and selection of economic proposals require cash flow estimates
over a stated period of time, mathematical techniques to calculate the measure of
worth, and a guideline for selecting the best proposal.
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The nature of the economic proposalsis alwaysone of two types:
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‘ Independent projects

‘ Mutually exclusive alternatives:



Mutually exclusive alternatives: Only one of the proposals can be selected. For terminology
purposes, each viable proposal is called an alternative.

Independent projects: More than one proposal can be selected. Each viable proposal is called a
project.
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The do-nothing (DN) proposal is usually understood to be an option when the
evaluation is performed.

The DN alternative or project means that the current approach is maintained;
nothing new is initiated. No new costs, revenues, or savings are generated.
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Mutually exclusive alternatives compete with one another and are compared pairwise.

[ndependent projects are evaluated one at a time and compete only with the DN project.
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itis important to recognize the nature of the cash flow estimates before starting the
computation of a measure of worth that leads to the final selection.

Cash flow estimates determine whether the alternativesare revenue- or cost-based. All
the alternativesor projects must be of the same type when the economic study is
performed. Definitions for these types follow:

o @i Ca g Al blial) G eadl J8 satill (303100 1 53l 5 ) V) 028 dapha agd Liayl agall (1
lec dauuoj\_fﬁ\ ,d)‘L’M b)hj u.\.\L\jAj\ d‘\j}.ﬂ\ L@AJSJ‘\:\AJACJJLAAGLQMAAT , @Jw\ Y
JSEL e el iy W g A gall J e ye 120 54 il g dpalall el Jlas UL 5 Sl galdl ol

L el a6 O ang wliall o2 G Le A laal) nie | S0l



Revenue: Each alternative generates cost (cash outflow) and revenue (cash inflow) estimates,
and possibly savings, also considered cash inflows. Revenues can vary for each alternative.

Cost: Each alternative has only cost cash flow estimates. Revenues or savings are assumed
equal for all alternatives; thus they are not dependent upon the alternative selected. These are
also referred to as service alternatives.

Jd Difference between Revenue and Cost

Revenue : Cost :
1 — Outflow 1 — Outflow
2 — Inflow 2 — Inflow
3 — Revenue 1 # Revenue 2 3 — Revenue 1 = Revenue 2

4 — Other name is Service Alternative

d Revenue = Saving
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Economic Analysis Methods
commonly used economic analysis methods are: (A alaaiuy) PP LY Jaladll 3 4k

* Present Worth Analysis  ddlall all Jilas

 Jasd 2l 5 A gY) Adadill s o gL
* AnnualWorth Analysis 4, i) dagall Jalas

* Benefit/Cost Analysis  3al<il) / dadiadl Julas

* Rate of Return Analysis  ailall Jaxe Julas



1. Present Worth Analysis

The present worth method is quite popular in industry because all future costs and
revenues are transformed to equivalent monetary units NOW; that is, all future
cash flows are converted (discounted) to present amounts (e.g., dollars) at a
specific rate of return, which is the MARR.
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Mutually exclusive alternatives
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a. Present Worth Analysis of Equal-Life Alternatives

One alternative: If PW = 0, the requested MARR is met or exceeded and the alternative is
economically justified.

Two or more alternatives: Select the alternative with the PW that is numerically largest,
that is, 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.

For mutually exclusive (ME) alternatives, whether they are revenue or cost
alternatives, the following guidelines are applied to justify a single project or to
select one from several alternatives.
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] Example :
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PW, PW, Selected Alternative
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PW, PW, Selected Alternative

+2500 +2000 A PN {FCPUREEY
PW, PW, Selected Alternative
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For independent projects, each PW is considered separately, that is, compared with
the DN project, which always has PW = 0. The selection guideline is as follows:

One or more independent projects: Select all projects with PW = () at the MARR.

The independent projects must have positive and negative cash flows to obtaina PW
value that can exceed zero; that is, they must be revenue projects.
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PW, PW,
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Example:

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.
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Electric-Powered Gas-Powered Solar-Powered

First cost, $ —4500 - 3500 —6000
Annual operating cost (AOC), $/year —900 —700 —3l
Salvage value S, $ 200 350 100
Life, years 8 8 8

These are cost alternatives. The salvage values are considered a “negative” cost, so
a +ve sign precedes them. (If it costs money to dispose of an asset, the estimated
disposal cost has a -ve sign.)



Electric-Powered  Gas-Powered Solar-Powered

First cost, § =4500 3500 ~6000
Annual operating cost (AOC), S/year =900 =700 =30
Salvage value S, § 200 350 100
Life, years 8 8 8
Life,years : S g 8 gR 9 (s gl 9B g £ g pdiall jae
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1 2 3
Electric-Powered  Gas-Powered Solar-Powered

First cost, S ~4500 — 3500 ~6000
Annual operating cost (AOC), S/year =900 =700 ~50
Salvage value S, § 200 350 100
Life, years 8 8 8

First cost: cﬁﬂhejméu‘ﬁ il Alsa g2 g d.\jmcg\ G52 4xe Jaladin AN Jad) aluall

Annual : Adlu od) Leadai - A aleall ) Ly sas Ll 5 Al JS Leadal dad
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Salvage : . . e
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PW,;= —4500 — 900(P/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) § S—6220

Aol il LY JBY) Al s Waews LB LS

Yy

First cost at time zero 41
Annual at time 1to 8 X 5 . 33-“ oy 4.-.‘5-“-“

Salvage at time 8



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 (a) is followed, with one exception:

The PW of the alternatives must be compared over the same number of years and must end
at the same time to satisfy the equal-service requirement.
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The equal-service requirement is satisfied by using either of two approaches:

n LCM: Compare the PW of alternatives over a period of time equal to the least common
multiple (LCM) of their estimated lives.
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The LCM approach makes the cash flow estimates extend to the same period, as
required. For example, 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.
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E 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 the study period approach, a time horizon is chosen over which the economic
analysisis 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.
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An estimated market value at the end of the study period must be made.
A Hall 3 3 dgles 85 jaall 48 gl dasal) daat s
The time horizon chosen might be relatively short, especially when short-term
business goals are very important.
13 daga s2al 5 ynad Janll Calaal 65 Latie duali ¢ G | nad laal) a3l 3891 (<) o8
A study period analysis is necessary if the first assumption about the length of time
the alternatives are needed cannot be made.
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For either approach, calculate the PW at the MARR and use the same selection
guideline as that for equal-life alternatives.
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Example:

* 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
IL.ife, yvears 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 companyhas a standard practice of evaluatingall 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?



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
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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
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Determine which vendor should be selected on the basis of a present
worth comparison, if the MARR is 15% per year ?

PW,="7 / Bus JSAlg S Jﬁﬁktl““ \
]’ u;jg\gué $1000 L0 5,0 1000 A 3,40 51000
A '
1 2 6 12 16 1718 .
_. | | I | | | | | | | | | | &EM
$3500
Y Y Y
$15,000 $15.000 $15.000
Vendor A
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PW, = —15,000 — 15,000(#/F,15%.6) + 1000(F/F,15%,6)
—15,000(F/F15%,12) + 1000(F/F,15%,12) + 1000(F/F,15%,18)
—3,500(F/A,15%,18)

= §—45,036
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PW; = —18,000 — 18,000(F/F;15%,9) + 2000(F/F,15%.9)
+ 2000(F/F,15%,18) — 3100(F/A,15%,18)

= $—41,384 o AT (i guu (g Af Jpaall
PW. =" SJJJJSZ*:’LSJQJJ.AJA&J#
_,fB / ——
WI ‘_,Jﬂ\ 594 e 4l B g o
om 1 2 9 16 1'*18
WWIHHHHHHH
| i $3100
$18.000 $18.000

\ Vendor B\
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c. Capitalized Cost Analysis

Many publicsector projects such as bridges, dams, highways and toll roads,
railroads, and hydroelectric and other power generation facilities have very long
expected useful lives.

A perpetual or infinite life is the effective planninghorizon.
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The economic worth of these types of projects or endowments is evaluated using
the present worth of the cash flows.
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Capitalized Cost (CC) is the present worth of a project that has a very long life (more than, say,
33 or 40 years) or when the planning horizon is considered very long or infinite

replace the symbols P and PW with CC as a reminder that this is a capitalized cost
equivalence.

Since the A value can also be termed AW for annual worth, the capitalized cost
formula is simply

A=P(CC)+i

/ N\ O\
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Annual worth



Since the A value can also be termed AW for annual worth, the capitalized cost
formula is simply

LU = : or LU = AW

Solving for A or AW, the amount of new money that is generated each year by a
capitalization of an amount CC is:

AW = CC (5]

This is the same as the calculationA = P * (i) for an infinite number
of time periods.



The cash flows (costs, revenues, and savings) in a capitalized cost calculationare
usually of two types:

recurring, also called periodic, and nonrecurring.

el s KAl e b sl Cpand ) (AR 5l ) s Calal) dail) i) s
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An annual operating cost of $50,000 and a rework cost estimated at $40,000 every
12 years are examples of recurring cash flows.
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Examples of nonrecurring cash flows are the initial investmentamountin year 0

and one-time cash flow estimates at future times, for example, $500,000 in fees 2
years hence.
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Example:

A Transportation Authority hasjust 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.
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If the new system will be used for the indefinite future, find the equivalent cost
a. now, a CC value, and T Lfl'e-‘ N e

b. for each year hereafter, an AW value.

e Snald ¢ (Al Y e )ndll e Jadtied) & aaal) AUsil) it Al IS 1)
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The system has an installed cost of $150,000 and an additional cost of $50,000
after 10 years.

50000 bl dilS Lal aa g5 5l 150000 e ol & s niall 4ilaiyy) Adlat)
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The annual software maintenance contract cost is $5000 for the first 4 years and
$8000 thereafter.
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In addition, there is expected to be a recurring major upgrade cost of $15,000
every 13 years. Assume that i = 5% per year for county funds.

%5 & 3l Aoy Hlns 15000 leiad s aUail J o ohad ST Liayl 2 53 Ades 13 JS

0 2 4 6 8 10 12 13 14 20 26 .
| Year

33000 Yy Y Y Y Y Y Y Y OY Y OY YO OY Y

$8000
Y Y
P v — ! $15.000 $15.000
550,000
T
$150.000
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CC, = —150,000 — 50,000(F/F,5%,10) = $—180,695
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%5000 Y [ Y
$8000 ¢
: 4
i= 5% per year ¥ $15,000 315,000
$30.000
Y
$150.000
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A= —15,000(4/F,5%,13) = S—847

CC, = —847/0.05 = $—16,940
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_ —3,000
0.05

b o3 (P/F.5%,4) = $—49,362
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CC, = —5000/0.05 = $—100,000
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CC,= —180,695 — 16,940 — 100,000 — 49,362
= §—346,997

i) Al Gl

AW = Pi= CC4(1) = $346,997(0.05) = 517,350



For the comparison of two alternatives on the basis of capitalized cost, use the
same procedure to find the A value and CC T for each alternative.

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).
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The alternative with they smaller capitalized cost\will represent the more

economical one.
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2. Annual Worth Analysis

For many engineering economic studies, the AW method is the best to use.

Since the AW valueis the equivalent uniform annual worth of all estimated
receipts and disbursements during the life cycle of the project or alternative,
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AW is easy to understand by any individual acquainted with annual amounts, for
example, dollars per year.
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AW = PW(A/Fin) = FW(A/ELn)

The nin the factorsis the number of years for equal-service comparison. This is
the LCM or the stated study period of the PW or FW analysis.
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The annual worth method offers a prime computational and interpretation advantage because

the AW value needs to be calculated for only one life cycle. The AW value determined over
one life cycle is the AW for all future life cycles. Therefore, |it is not necessary to use the

LCM of lives to satisfy the equal-service requirement
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When alternatives being compared have different lives, the AW
method makes the assumptions that:

1. The services provided are needed for at least the LCM of the lives of the alternatives.

2. The selected alternative will be repeated for succeeding life cycles in exactly the same man-
ner as for the first life cycle.
3. All cash flows will have the same estimated values in every life cycle.
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Example:

v present worth for vendor A was calculated as PW = 45,036,

*  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
6 9

Life, years

* Demonstrate the equivalence at i= 15% of PW over three life cycles and AW over
one cycle.
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AW = —15,000(4/P,15%,6) + 1000(A/F,15%,6) — 3500 = $§—7349

Vendor A /
4 g Al ) Al Al

) Aliinie dad e Jy a3

§1000 B Cre 3l 5 A gl daid LY Lebisaty o83 Y
4 O
0 4 5 |6
I I | I I Life cycle 3
Y
$3500
\ Héﬁh\JSJ3Jd«,\W\U3&§&J&A\uﬁﬁihm

$15,000



AW = —18,000(4/P,15%,9) + 2000(4/F,15%,9) — 3100 =
Vendor B
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AW = —45,036(A/P,15%,18) = $§—7349

PW = $45,036
A

|
!
0 1 2 3 4 5] 6 7 8 9 10 11 12 13 14 15 16 17 18



12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

.--lil

continues
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AW = §7349
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Evaluating Alternatives by Annual Worth Analysis

For MUTUALLY EXCLUSIVE alternatives, The AW is calculated over the respective
life of each alternative, and 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 and 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.



* 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 each use.
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* 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&O, $/year —6,000 —9.000

Refurbishment cost, $ 0 —2,000 every 4 years
dadad — Trade-in value S, % of P 20 40

Life, years 4 12
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The best evaluation technique for these different-life alternatives is the annual worth method,
where AW is taken at 8% per year over the respective lives of 4 and 12 years.
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AW,, = annual equivalent of F — annual M&O0O + annual equivalent of S

—15,000(4/P.8%,4) — 6000 +10.2)15,000) (A/F8%,4)
—15,000(0.30192) — 6000 + 3000(0.22192)

— $—-9,863
Hamilton (H) L;\ L“A\A QJ-‘A Qe L@)MJ d\-&d\d iﬂt 441<al)
Initial cost P, $ —15,000 e 4l d’“’u Y} ASJ'H_&_JMM E*d‘ , 55
Annual M&O, $/year —6,000
Refurbishment cost, $ 0
Trade-in value S, % of P 20
Life, years 1

0.2(20%) = Adlall el e dpws & cnae | Ji ala ol asd ]



AWjc = annual equivalent of P — annual M&0O — annual equivalent of refurbishment
+ annual equivalent of S

= —20,000(4/P.8%,12) — 9000 — 2000[(P/F.8%.4) + (P/F.,8%.,8)|(A/P.8%,12)
+ 0.4(20,000)(A/F.89%,12)

= —20,000(0.13270) — 9000 — 2000[0.7350 + 0.5403](0.13270) + 8000(0.05270)

= $—11,571
S ol e o el pmis ALl At ) dtca
Infinity Care (IC) (s Al Jaxs Y g 4S 4 (S g &' sall ) (5 9
[nitial cost P, § —20,000
Annual M&O, $/year ~9,000 . 138 o el o danl o) Aind] | 8 Ladh 283 = sl &
Refurbishment cost, § ~2,000 every 4 years USJ ej } .j . A ) @ EH = : &LM
Trade-1n value S, % of P 40 Y Sae G S laial) (2 A g2 Ja 5 J) gl PLRENEAR
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= 2000 * (A/F,i, 4)

If the projects are independent, the AW at the MARR is calculated.

All projects with AW 2 0 are acceptable.




AW of a Permanent Investment
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Evaluation of public sector projects, such as flood controldames, irrigation canals,
bridges, or other large-scale projects, requires the comparison of alternativesthat
have such long lives that they may be considered infinite in economic analysis
terms.
chu;J\ch..g)J\ &\jﬁjc L_\U.m.\ﬂ\uJLEM\ J}M@A‘ew\&w\@‘)me.\.mu&.u
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For this type of analysis, the annual worth of the initial investmentis the
perpetual annual interest on the initial investment, thatis, A =Pi = (CC) i.



Cash flows recurring at regular or irregularintervals are handled exactly as in
conventional AW computations; convert them to equivalent uniformannual

amounts A for one cycle.
Jall g LS Ll Lgan Jalail) oy dalaiia pe of daaiie el yi e 5 Siial) dpaiil) g8l
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This automatically annualizes them for each succeeding life cycle.
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Example:

The U.S. Bureau of Reclamationis considering three proposals for increasing the
capacity of the main drainage canal in an agricultural region of Nebraska. i= 5%

8 At Il (o yuall 3U8 5508 30y 31 Cla e A3 S ) 2 Slaiu) (i€ (),
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__|Proposala__| ProposalB | ProposalC

Initial cost S 650,000 4 million 6 million
O&MS 120,000 + 5000 3000
Annual 50,000

Other Fixed - Every five -

costs years= 30,000

SS 17,000 - -
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Since this is an investment for a permanent project, compute the AW for one cycle
of all recurring costs.
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___ProposalA__ ProposalB | ProposalC__

A ) i L) G 5 A 5Y) Adlsal

Initialcost S 650,000 4 million 6 million TGS Aially U1l 3 g o
0&MS 120,000 + 5000 3000

Annual 50,000

Other Fixed - Every five

COSts years= 30,000

5S 17,000
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Proposal A
CR of dredging equipment:

—650,000(4/P,5%,10) + 17,000(A/F.5%,10) S —82,824
Annual cost of dredging —50,000
Annual cost of weed control — 120,000

$—252,824
Oaadd) | 5 g ddie ) e alie e 4y sad a8 g bl 3 LAY e g adl Taa A ) AalKdl)
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—6,000,000 + 0.05 — 3000 = —303,000%



Proposal B

A =Pi =(CC)i.
CR of Initial investment: —4,000.000(0.05) - 200,00{A
el g phe 4V 13K A gW) ARSI aa Lilalas
Annual maintenance cost —5,000
Lining repair cost: —30,000(A4/F,5%,5) —5,429

§—210,429
5 o ealls i alie 43S dne Jalaii ) Sl aladd) | (o3 4l Jand ¥ (55l iluall
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Proposal B, which is a permanent solution, is selected due to its lowest AW of
costs.



Evaluating Transportation

Alternatives
EVALUATION BASED ON MULTIPLE CRITERIA

Many problems associated with economic methods limit their usefulness.
Among these are:

D gt ey LBl e aaT AaLai@Y) (5 jlally dday el 8L (he aall
» Converting criteria values directly into dollar amounts.

» Choosing the appropriate value of interest rate and service life.

Vsl e ) e bl e
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* Distinguishing between the user groups that benefit from a project and
those that pay.



* Considering all costs, including external costs.
s Al callsal) @l 8 Lay adlil) puaa 4 plail)

Discusses evaluation methods that seek to include measurable criteria that are
not translated just in monetary terms.
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Before construction 1. 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.
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The application of this method is illustrated by the following example.



Example 13.2 Evaluating Light-Rail Transit Alternatives Using the Rating and Ranking Method

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, each of which has advantages and disadvan-
tages in terms of cost, ridership, and service provided. The alternatives differ in
length of the line, location, types of vehicles used, seating arrangements, operating
speeds, and numbers of stops. Estimated values achieved by each criterion for each
of the five alternatives are shown in Table 13.5. The agency wants to evaluate each
alternative using a ranking process. Determine which project should be selected.
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Table 13.5 Estimated Values for Measures of Effectiveness

Alternatives
Measure of
Number Effectiveness / 17 111 v Vv
1 Annual return on 13.0 14.0 11.0 13.5 15.0
imvestment (%)
2 Daily ridership (1000s) 25 23 20 18 17
3 Passengers seated in 25 35 40 50 50
peak hour (%)
4 Length of line (mi) 8 7 6 5 3
S Auto drivers diverted 3.5 3.0 2.0 1.5 1.5
(1000s)
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S, = total value of score of alternative i

S1:Score for alternative 1

S2:5core for alternative 2

$3:Score for alternative 3

S4:Score for alternative 4

$5:Score for alternative 5

K, = weight placed on criteria j
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V,; = relative value achieved by criteria j for alternative i
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Table 13.5 Estimated Values for Measures of Effectiveness

Alternatives

Measwure of

Nwember Effectiveness 7 17 117 v

1 Annual return on 13.0 14.0 11.0 b B 15.0
mvestment (9% )

2 Daily ridership (1000s) 25 23 20 18 17

3 Passengers seated in 25 35 40 S0 S50
peak hour (9%)

4 Length of line (ma1) S 7 6 ~ ~

S Auto drivers diverted <. & 3.0 2.0 1.5 S
(1000s)
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Table 13.5 Estimated Values for Measures of Effectiveness

Alternatives
Measure of
Number Effectiveness / 11 11 v Vv
1 Annual return on 13.0 14.0 11.0 13.5 15.0
imvestment (%)
2 Daily ridership (1000s) 25 23 20 18 17
3 Passengers seated in 25 35 40 50 50
peak hour (%)
4 Length of line (mi) 8 7 6 5 5
5 Auto drivers diverted 35 3.0 2.0 1.5 1.5

(1000s)

15
15

13

— =0.86

15

14

— =10.93

15

11

15

13.5

—=0.90
15

0.73
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Table 13.6 Ranking and Weights for Each Objective

Relative Weight ~ Weighting Factor*

Objective Ranking (W) (X 100) "
l l 5 3
) ) 4 A
} 3 3 |7
i 3 3 17
s : 2 i
Total |7 100

*Rounded to whole numbers to equal 100,
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Table 13.6 Ranking and Weights for Each Objective

Relative Weight:
Relative Weight ~ Weighting Factor® .
Objective Ranking W) (X 100) 5—1=4
| | 5 30 5 - 2 — 3
) ) ! i 5—3=2
} } 3 7
L 3 3 17
5 4 2 1
Total 7 10

*Rounded to whole numbers to equal 100

Relative Weight

Weighting Factor =
fgriing Sum of Relative Weight
5 4
— = 29.44 ~ —*x 100 = 23.52 = 24
T 100 = 29.44 = 30 T
3 2
—* 100 =17.64 = 17 —*x 100 =11.67 =~ 12

17 17



Table 13.5  Estimated Values for Measures of Efectiveness Table 13,6 Raning and Weightsfor Each Oecive Table 13.7 Point Score for Candidate Transit Lines

Abemaive Relative Weight ~ Weighting Factor* Alternatives
Measureof Objf('m'e Rankmg (W,) (X lw) 4 Mem-ure of
Number Effectiveness | Il i} v V : : 5 " Efectivenes I Il 11l IV v
I Annual return on B0 140 10 1BS 150 ) ) 4 U .
investment (%) : : : p l CV'J 26 280 20 210 30.05
2 Dailyridership(1000s) 25 23 20 18 17 2 U0 21 192 173 163
3 Passel;(g:rsse(a:/e;i in 5 ¥ 4 N X : i ; g 3 83 119 136 170 170
peax hour { 7o - -
4 Length of line (mi) § 1 6 5 5 Total 17 100 g gg :33 lég “5)? 12?
5 Autodrivers diverted 35 30 20 1.5 1.5 < — — — -— —
(1000 *Rounded to whole numbers to equal 100. | % & & e i )
13 30 =26
— * f—
15 13.5
—*x 30 = 27
15
14
157207 %8 15
L4 Lol TS ”» S
15 *30 =30 o A&y phall (udi Ao | Jgaad) Al ol
11
— *x 30 = 22

15
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# of Annual Crashes

Table 13.5 Estimated Values for Measures of Effectiveness

Alternatives

Measure of

Nwumber Effectiveness 7 17 117 v Vv

1 Annual return on 13.0 14.0 11.0 13.5 15.0
investment (%)

2 Daily ridership (1000s) 25 23 20 18 17

3 Passengers seated in 25 35 40 S50 50
peak hour (%)

-+ Length of line (mi) s Y 4 6 s -

s Auto drivers diverted 3.5 3.0 2.0 1S 15
(1000s)

6 #of Annual Crashes 1 2 4 2 1

e |
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Solution:
Step 1.

SIS o IS AL B ) (5 S

Identify the goals and objectives of the project. The transit agency has
determined that five major objectives should be achieved by the new

transit line.

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 devel-
opment and accessibility.

5. The transit line should divert as many auto users as possible during
the peal honr in arder to reducs highway congestion.



Step 2. Develop the alternatives that will be tested. In this case five alterna-
tives have been identified as feasible candidates. These vary in length

from 5 to 8 miles. The alignment, the amount of the system below-,
at-, and above-grade; vehicle size; headways; number of trains; and
other physical and operational features of the line are determined in

this step.
Step 3. Define an appropriate measure of effectiveness for each objective. For

the objectives listed in step 1, the following measures of effectiveness

are selected.
Objective Measure of Effectiveness

1 Net annual revenue divided by annual
capital cost
Total daily ndership
Percent of riders seated during the peak hour
Miles of extension into the corridor
TN Amber of aato drivérs diverted to transit

W& WiN



Step 4.

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. One approach
is to allocate the weights on a 100-point scale (just as would be done
in developing final grade averages for a course). Another approach is
to rank each objective in order of importance and then use a formula
of proportionality to obtain relative weights. In this example, the
objectives are ranked as shown in Table 13.6. The weighting factor is
determined by assigning the value 72 to the highest ranked alternative,
n — 1 to the next highest (and so forth), and computing a relative
weight as

w;
K; = (13.10)

J n

2. W,

i=1

where

weilghting factor of objective j§
; = relative weight for objective j

=X
I



StepS.  Determine the value of each measure of effectiveness. In this step, the

measures of effectiveness are calculated for each alternative.
Cost estimates are devel-

oped based on the length of line, number of vehicles and stations, right
of way costs, electrification, and so forth. Revenues are computed, and
ridership volumes during the peak hour are estimated. In some
Instances, forecasts are difficult to make, so a best or most likely esti-
mate 1s produced. Since it 1s the comparative performance of each
alternative that 1s of interest, relative values of effectiveness measures



Step6.  Compute a score and ranking for each alternative. The score for each
alternative 1s 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. Consider
the first criterion, return on investment. Table 13.5 shows that Alterna-
tive V achieves the highest value and 1s awarded 30 points. The value for
Alternative 1 calculated as (13/15)(30) = 26. The results are shown in
Table 13.7. (An alternative approach is to award the maximum points
to the highest valued alternative and zero points to the lowest.)



The total point score indicates that the ranking of the alternatives in order of
preference 1s I, 11, V, IV, and IIl. Alternatives I 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.

Table 13.7 Point Score for Candidate Transit Lines

Alternatives
Measure of
Effectiveness / I 11 v V
l Vi 26.0 28.0 22.0 270 30.0
2 24.0 22.1 19.2 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 - 5 § 52k

s Toul  ¥S  ®2 WS 70 90



2. Cost Effectiveness:

Attemptsto be comprehensive in its approach while using the
best attributes of economic evaluation.



2. Cost Effectiveness:

Attemptsto be comprehensive in its approach while using the
best attributes of economic evaluation.
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— The project criteria are considered to be measures of its
effectiveness, and

The costs are considered as the investment required if that
effectiveness value is to be achieved.

- Data from economic analysis is used + measured
environmental consequences
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Example 13.3 Evaluating Metropolitan Transportation Plans using Cost Effectiveness

| Five Ialtcrnativc system plans are being considered for a major metropolitan
area. They are intended to provide|added capacity, improved levels of service.Land
| reductions in travel time during peak hours| Plan A retains the status quo with no
major improvements, Plan B is an all-rail system, Plan C is all highways, Plan D is a
mix of rail transit and highways, and Plan E i1s a mix of express buses and highways.
An economic evaluation has been completed for the project, with the results shown
in Table 13.8.
Plan B, the all-rail system, and Plan D, the combination rail and highway system,
ave an incremental BCR of less than 1, whereas Plan C, all highways, and Plan E,
ighways and express buses, have an incremental BCR greater than 1. These results
ould suggest that the highway-bus alternative (Plan E) is preferable to the
ighway-rail transit alternatives (Plans B and D).

To examine these optnons more fully, noneconoxmc lmpacts have been deter-
g

!!!'Q'q!l'q" .a'.o.--!'-.,-a_'!!! g!-" AMNONS L
measures of interest are numbers of persons and businesses displaced, number of
fatal and personal-injury accidents, emissions of carbon monoxide and hydrocar-
bons, and average fzavel speeds by zighwey and franmt..




Table 13.9 Measure of Effectiveness Data for Alternative Highway-Transit Plans

Plan A

PlnB  PlanC  PlanD  Plan E X ¢
(o daAJ Y - d j‘){\

Measure of Effectiveness Null

All  Railand Bus and
All Rail  Highway Highway Highway

Persons displaced 0

Businesses displaced 0

Annual total fatal accidents 159

Annual total personal 6767
injuries

Daily emissions of carbon 2396
monoxide (tons)

Daily emissions of 204
hydrocarbons (tons)

Average door-to-door 159
auto trip speed (mi/h)

Average door-to-door 6.8

transit trip speed (mi/h)

Annual transit passengers 154.2
(millions)

Total annual cost

($ millions) 2.58

Interest rate (%) 8.0
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Figure 13.4  Relationship between Annual Cost and Passengers Carried
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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.
On the other hand, 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.



Finished Projects: After construction
3. Evaluation of Completed Projects

(1) how effective it has been in accomplishing its objectives,
(2) what can be learned that is useful for other project decisions,

(3) what changes should be made to improve the current
situation, or

(4) if the project should be continued or abandoned.
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Example 13.4 Evaluating the Effect of Bus Shelters on Transit Ridership

A transit authority wishes to evaluate the effectiveness of new bus shelters on transit
ridership as well as acceptance by the community. A series of new shelters was built
along one bus route but not on the other lines. Do the shelters affect ridership?

Table 13.10 Transit Ridership

Before After
Line A: new shelters 1500 1700
Line B: no shelters 1950 2000
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Table 13.10 Transit Ridership

Before After Change (%)

Line A: new shelters 1500 1700 13.3

Line B: no shelters 1950 2000 o
1700 — 1500 100% 13. 3%

% — _
1500 ’ y
2000 — 1950 dgpaal 5L
* 100% = 2.5% —

1950

13.3-2.5=10.8% — OB 3 g g e B30 3



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%.
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Example 13.5 Comparing the Effectiveness of Bus and Rail Transit
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 with an express

bus line connecting downtown Washington, D.C., with the Virginia suburbs. The rail
line, known as the Lindenwold Line, serves 12 stations with 24-hour service per day,

whereas the busway, known as the Shirley Highway, extends for 11 miles, with no sta-
tions along the way and with bus service provided on exclusive lanes only during the
peak hour. Both systems serve relatively low-density, auto-oriented residential areas
with heavy travel during the peak hours.
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® Lindenwold: That year 99.15% of all trains ran less than 5 minutes late, and
the following year the figure was 97%.

® Shirley: Surveys conducted over a 4-day period indicated that 22% arrived
before schedule time, 32% were more than 6 minutes late, and only 46%
arrived at the scheduled time within a S-minute period.

* Comparison: The Lindenwold Line (rail) is superior to the Shirley Highway
(bus) with respect to reliability.
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A summary of the comparative evaluations of the two systems is shown in Table 13.11.

A detailed analysis of the results would indicate that each system has advantages
and disadvantages. The principal reasons why the rail system appears more attrac-
tive than the bus i1s because it provides all-day service, is simpler to understand and
use, and produces a higher quality of service.

Table 13.11 Comparative Evaluation of Completed Rail and Bus Transit

Measwure of Iindenwold Shirley Higher Rarted
Effectiveness (Rail) (Bies) Svsternm
Investment cost Very poor Faar Bus
Operating cost Good Faar Raaial
Capacity Good Poor Raal
Passenger attraction Very good Good Raail
System impact Very good Good Raal
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Solution: To determine the relative effectiveness, a comparative analysis of each
project was made after they had been in operation for several years. Measures of
effectiveness were considered from the viewpoint of the passenger, the operator, and
the community. Data were collected for each system and for each measure of
effectiveness. A detailed evaluation for each parameter was prepared that both
described how each system performed and discussed its advantages and
disadvantages. To illustrate, consider the evaluation of one service parameter—
reliability—expressed as schedule adherence. The variance from scheduled travel
times may result from traffic delays, vehicle breakdowns, or adverse weather
conditions. It depends mostly on the control that the operator has over the entire
system. By far, the most significant factor for reliability is availability of exclusive
rights of way.
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Design of Railway and Guideway Systems
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Service Characteristics of Rail Transportation

1. Service safety

2. Travel speed

3. Performance reliability

4. Comfort and convenience
5. Travel cost

P (SSed) Jadl) pailad

dakaia g A ye L oS | Ulal il gl ST (pe yaiay (SS) Jail) | dadd) e Y gl Chnat (i s
8w Aoy Lol <l jUadll (g | cle pud) 4 g AN Adaldl) | Gl sal) J8) (e ol
1 4ol yie sUS 300 ) el Jaad 85 Gl jall Ao ) Y g laa
;S el aly 8 da ) sl | AGNEY AdaB3Y 8 gy dga ) ) Jsia gl
oLl cdiall liSay | Sl acliall | Aal ) dagd ) AdlL) g e Glaall C gl e lali ol 330 )
b g dalSill o g Aaldd) Adalll) g el (any 83 ikl g A0S pall (e ST Aag ye | Al
Dalld Gaad) Jaly 08 s A Ll GlSa 58 Gagud Ayl A ) IS o), O e adiag
coald) rs d i oS




Passenger trains

A passenger train is one which includes passenger-carrying vehicles which can often be very
long and fast. It may be a self-powered multiple unit or railcar, or else a combination of one or
more locomotives and one or more unpowered trailers known as coaches, cars or carriages.
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 locomotives :

Railcar which has the engine .
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1. High-speed rail: speeds above 200 km/h

2. Maglev: over 500 km/h
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* Maglev = Magnitic levitation



connecting cities in the fastest time possible, bypassing all intermediate
stations

a) Regional trains: calling at all intermediate stations between cities, serving all line-side
communities

b) Higher-speed rail: can operate at top speeds that are higher than conventional inter-
city trains but the speeds are not as high asthose in the high-speed rail services.
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4. Short-distance trains
a) Commuter trains: serving the city and its suburbs.

daidia S0 B Gle ) | Al Al g g diaal) aads 3 juadll Gililol)
5. Long-distance trains: travel between many cities and/or regions of a country, and
sometimes cross several countries.

6. Within cities
a) Rapid transit: Large cities often have a metro system, also called underground,

subway or tube. Their railroadsare separate from other traffic, usually without level
crossings. Usually they run in tunnelsin the city center and sometimes on elevated
structures in the outer parts of the city. They can accelerate and decelerate faster

than heavier, long-distance trains.
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b) Tram: A tram (also known as tramcar; and in North America known as streetcar,
trolley or trolley car), is a rail vehicle which runs on tracks along publicurban
streets (called street running), and also sometimes on separate rights of way.
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c) Lightrail: (LRT) is typicallyan urban form of publictransport often using rolling
stock similar to a tramway, but operating primarily along exclusive rights-of-way
and having vehicles capable of operatingas a single tramcar or as multiple units

coupled together to form a train
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d) Monorail:to meet medium-demand traffic in urban transit, is a railwayin which
the track consists of a single rail, typically elevated.
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Alta Velocidad Espafiola (AVE): The Shanghai Maglev Train:
up to 310 km/h a top speed of 430km/h
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The New York City Subway is the world's largest e .= - . -

rapid transit system by track length and by : 2 53 . B N
number of stations, at 468. v - ' i’ : J »:
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Trams in Vianna, cne of the largest existing netyinrks
in the world

The METRO Blue Line light rail in Minneapolis, The high capacity Tokyo Monorail.
WVinnesota, United States




Route Selection
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Decisions made during the location selection process not only determine the cost
and operational efficiency of the facility but also influence the disbenefitsto or
negativeimpact on nearby communities and the environment.
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By means of aerial or ground surveys, topographic maps are prepared that serve as
a basis for the selection of a preliminary and final location.
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Examples of criteria to be used in facility location decisions
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Environmental impact Proximity to sensitive areas; design
features to mitigate impacts
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Social impacts Isolation or division of neighborhoods;
aesthetics of design; fostering of desired
development patterns
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Acceptance by various interest groups Government agencies; private
associationsand firms; neighborhood
groups and the general public
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Geometric Design Elements

1. Alignment (Horizontal/Plan &
Vertical/Profile)

2. Cross section

3. Other (Sight distance: SSD, PSD, DSD)
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Horizontal Alignment of Highway and Railway

Consists of a series of tangents connected by circular curves

The alignment must be continuous, without sudden changes
which may be dangerous to drivers
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Portion of circle

In the design of curves, it is necessary to consider:
1. Design speed
2. Degree of curvature (or radius)
3. Superelevation - e fpe a0 Al aie
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Circular Curves

Circular curves are described by giving either the radius (metric system) or degree
of curvature.

In highway design, degree of curve is defined as the central angle subtended by a
100 ft arc (arc definition)
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Historical railroad practice defined the degree of curve as the central angle
subtended by a 100 ft chord (chord definition)

of 1 n 50

n-D=—

2 R chord = 100 ft or 30m

arc
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Chord definition

(b) Chord definition



* Arcdefinition

* Chord definition: Normally used in the design of railways
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R = Radius of Circular Curve
e aill O pladl) Caua

1 BC = Beginning of Curve
| B (or PC = Point of Curvature)
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p p EC =End of Curve

(or PT = Point of Tangency)
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awa,y Pl =Pointof Intersection
A(—

Pl
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A EC
o , = L = Length of Curvature
y . - : (L=EC-BC(C)
. el J gk
R R
: T = Tangent Length
3 (T=PI-BC=EC-PI)
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M = Middle Ordinate

E = External Distance

G = Chord Length

A = Deflection Angle
Tangent: T=Rtan(4/2)
Chord: C=2Rsin(A/2)
Mid Ordinate: M=R-Rcos(A/2)

External Distance: E=Rsec(d/2)-R



A = Deflection Angle 500 e e 5all J Aulalal 2 ) 5
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£ = External Distance
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M = Middle Ordinate
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CGSE(E—I—R)=R
R
r + R = RA
Cos
2

E+R=Rsec%

¥ = Rsecg—R
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Example Of Design Highway S 3 ks sA g Jaa Jew ) gl
. S Y Ladd gl

Given:

Simple Curve, A=272 34’ 40”, D=22 30" Wil | JaBs Sl Qb (e
s G5 Sla jo (5SS

St.Of PI=25+00 o
25 % 100 + 00 = 2500f¢

Required:R, T,E, Lc, M, L, St. Of P.C, St. of PT

l

C



D=22 30’ —_— 2.5 aaiy dowlal) AV 3ash e Josa

5729.5
R = = 2291.83 ft
T = Rtan% = 2291.83tan . 3; =% = 562.46 ft
E = Rsecg — R = 2291.83sec 27033'40" — 2291.83 = 68.01 f7

M = R — Rcos% = 2291.83 — 2291.83cos =i 3; i = 66.05 ft




A 27°34'40""

C = 2Rsin5 = 2%2291.83sin 5 = 1092.50 ft
7 — R 77\ | 2291.83%* 7(27°34'40'") — 1103.11f2
180 180
St. PC=St. PI-T St. PT=St. PC+L
=(2500-562.46) =1937.54+1103.11
-1937.54 =3040.65

=19+37.54 = 30 +40.65



Horizontal Alignment Design Criteria for Railways and Guideways

Because rail and guideways can not shift laterally, main line tracks and guideways
cannot be designed with sudden changes in horizontal alignment.
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Horizontal curvature limits the speed of rail vehicles and increase the risk of
derailmentsand overturning accidents.
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J Classification of railways :

1- Main railroad line : A track used for through trains or is principal
arterial of the system from which a secondary(branch) line , yards

are connected .
(Route between towns, higher speeds , higher standards )

+ i Slef sa s a3kl Jia

Slabu sl &y 81 @kl 4s Jealy g ot ) (Sl pS 4l 5 Alle )5 10 psaa | Alle Gle
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2- Branch line : A secondary railway line which branches off a more
important through route, i,e main line .
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3- Yard : A complex series of railroad tracks for storing , sorting , or loading /

unloading, railroad cars and or locomotives .

* Yards have many tracks in parallel for keeping rolling stock , stored off
mainline so that they don’t obstruct the flow of traffic .

* Rolling stock : Any vehicle that move on a railway (both powered or
unpowered ) for example , locomotives, railroad cars, coaches .
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e el

For main railroad lines (curvature Dc):
16° or even 24° curves have been utilized

in mountainousareas, or on low-speed

Flat curves—> 1°- 3° . .
approachesto terminalsin urban areas

Sharp curves=> 8°- 10 40° curves have been used in railroad yards

> 10° seldom used

* D_.= Degree of Curvature ; ;
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, Gl o 3 Al Aa e e eladinly ca s Gl all | Glalaall (10 4y 8 | Aadaise Ciliinia
by Lealaind ol (e sy 10 (e ST Gla 0 10 ) Sila )2 8 (e, Balall ciliaial
24 5l 16 L) Cla ol o) oy ddaad) ghllal) @ clal) oda aa (e (35S0 daladind &5 Al
At )l cldasdl ) J gea sl dmidig de padl Lead <5 Al jlisall 1 AWl Allad) g
“ Ul Calilaa) dabu 8 40 ) Jes da 3 a280505 3 Ay sl 3l




A
et e r— ﬁ — A
ey -
l

Protected with free version of Watermarkly.




' WFZ&’{

|
m\'«-\" R, .

»N -




Minimum recommended curve radii for urban passenger systems
™~ sum of radius
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Superelevation of railway and transit guideway curves

é\  Superelevation = E

v
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Difference in height between the inner and outer rail on a curve

~
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 Superelevation
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Provided by gradually lifting the outer rail above the level of the inner rail
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Track level in place indicatina 5" of superelevation on the outside rail of a curve.
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* When a train rounds a curve, it has a tendency to want to travelin a straight
direction and the track must resist this movement, and force the train to turn.
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* The opposing movement of the train and the track result in a number of different
forces being at play:

- Wei.gh.t | o mv?  Wv?
— Resisting forces excreted by the rails ~ R gR
— Centrifugal force

m= mass of car, kg (Ib)

v= velocity, m/sec (ft/sec)

R=radius of curve, m (ft)

[ g acceierationofgravity, 9.08 m/sec? (32.2 ft/sec?)




Radial Force and Design Speed

Radial forces act on a vehicle as it travels around a curve and this is why transition curves
are necessary

A vehicle of mass m, travellingat a constantspeed v, along a curve of radiusr, is
subjected to a radial force P (centripetal) such that:

my-

P =

Centrifugal Force

>Path of Ball

J
'
4

"‘>>\\___d_#,,,4’7x

=
Path of Inertia

[ This force acting on the vehicle is
trying to push the vehicle back on /f;mpem

. /| Force
a straight course . &

(1 On a straight road wherer = oo, P = 0




Roads are designed according to a ‘design speed’ which is constantfor a given
stretch of roadway.

Thus a vehicle must be able to comfortable and safely travel the length of a
given stretch of road at the design speed regardless of bends etc.
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Figure 12-7 Forces on a car body raversing a cuarve
at eqgquilibrium speed. (Source: fProceedings, Aamcrican
Raillway Engincer%&;%d%?a?ocigﬁon Vol. S6, 195S5))
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—a—— INSIDE OF CURVE OUTSIDE OF CURVE ———

)

1" CENTRIFUGAL FORCE
CENTER OF GRAVITY -

T~ RESULTANT FORCE

e outer
" Effect of Centrifugal Force

* Astate of equilibriumis said to exist when both wheels bear equally on the rails.
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Under these conditions, E, the equilibrium elevation, is just sufficient to cause the
resultant force, T, to be perpendicularto the plane of the top of the rails. By similar
triangles, it can be shown that:

E F
G T
For small angles where sines and tangents are approximately equal, the following

relationship is essentially correct:
E F v?

G T @R

For small angles where sines and tangents are approximately equal, the following
relationship is essentially correct:

E F 1:_.2 F— sz
G T gR gR

(1Relation between Velocity and Radius and Super elevation .




B Gu?

F=—_ Where, G: is the distance between center to center of rails
gR
G = Gauge
Z Al JAIA (s La ABLucall
* Units of E is mm or inch laa gl gl Ble) e quan 1 Aiadla

—
Outer Rail \ inter Rail



Using G= 1511 mm (59.5 ft): —————p Al A clac aidlla A V) dagll ol (a gas
* Metric System

B km
) v = speed (W

o 151 (%5600) 1192 / .
98 R R R = radius of curve (m)
« US System
= d (mph)
2(5280 ; N
- 29.9:p ( /3600) _ 3_97v2/R
32.2R

R = radius of curve (ft)



* Arail car will ride comfortably and safely around a curve at a speed that requires
an elevationabout 3 in. higher than that for equilibrium



 Types of Horizontal Curves .

d 1 — Simple circular curve (SCC)

Simple Curve




d 2 — Compound circular curve (CCC)

 Between different degrees of curvature .
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Conbinuous change



J 3 — Reverse Curve

» A reverse curve is made up of two arcs having equal or different radii
bending in opposite direction with a common tangent at their junction .

» Their centers lie on opposite sides of the curve, reverse curves are used
when the straights are parallel or intersect at a very small angle .
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J 4 — Broken Back Curve

» These are closely spaced horizontal curves with deflection angles in the
same direction with an intervening, short tangent section .

» Broken back curves should be avoided if possible as it is virtually impossible
to provide the correct amount of super elevation throughout and it is equally
difficult to produce a pleasing grading of pavement edges .
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The use of Transition Curves

Transition curves can be used to join two straights in one of two ways:
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1 - Composite curves

2 — Wholly transitional curves
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> Lets denote(J«.z) centrifugal force( ¢Sl 3 kll) with (P) .

st OsS Ladie 5 jhia (5 gt (5 38 pall 2kl (5 8| aiie 315k o s Laxie
M\wﬁ\gﬁﬂ\dﬂ\wuﬁwj\m

Composite Curves
Cir 1
.\\0\\“"1".\”) i i ] Pn )
r T "\5“@ »>e o
p et
P 0 U)MLJSA\A)'JJLES\M
L,,SJSJAM 3kl 558 i
atall 1 e Uy WIS Jay lasll Caias Lia (538 yall 3 yhall 5 68



' ;
< 8

Composite Curves

Circular arc

o ' P maximum

r=R &I siall ) B Gisid) ez g AN slaly) A

> r =0 thenr = 350m

» r=oothenr = 1000 thenr = 990 thenr = 980
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Composite Curves
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spiral curve > Jasl Ll
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Left spiral (Transition) Right spiral (Transition)
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Here transition curves of equal length are used on either side of a central circular
arc of radius R.
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Radius of the spiral =radius of tangent(decreases gradually
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T.S.
S.C.
C.s,
S.T.

ST
Lg

Tangent to Spiral
Spiral 1o Curve
Curve to Spiral
Spiral to Tangent
Spiral Tangent

Distance along Tangent from T.S, to Point
at Right Angle to S.C.

Right Angle Distance from Tangent to S.C.

Long Tangent (Spiral)
Short Tangent (Spiral)
Length of Spiral (Arc)
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Symbols

Te
CP1
SPI
Pl
Le

S.T.
>
s
Ce
A
2
>,
Long Chord >

Distance along Tangent to a Point at Right
Angle to Ghost BC (Marginally Less than
Lg/2)

Distance from Tangent That the Curve
(Ghost BC) Has Been Offset

Circular Curve Tangent

Circular Curve PI

Spiral Curve Pl

Point of Intersection of Curve Tangents
Length of Circular Curve

Length of Curve System — TS to ST
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Wholly Transitional Curves Z\.\Sﬁﬁ\l\ liaiall ya u_‘.m‘ & Jﬁ‘

Te | —
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T //:—’- e T — “\’\\ U
e Traﬂsmo . A Sltlon CUrVe \,[,\
> - =

Te = common tangent point

A wholly transitional curve consists of two transitional curves of equal length with
no central arc. The radius of this curve is constantly changing and therefore the
force is constantly changing.

There is only one point Tc (the common tangent point) at which P is a maximum.
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Wholly Transitional Curves

e ——
Ve 1 - ST
— TranS\t\On cu ¥ Tf‘ans;t,(.)n Curve .
rdec P’ " B Trinc
= Max

r= oo |
Te = common tangent point

P=0

This means wholly transitional curves are safer than composite curves.
However, they cannot alwaysbe fitted between two straight due to minimum radius
requirements.
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Spirals or Transition Curves for Railways and Transit Guideways

Railroad cars or guideways are restrained by their tracks or guideways and cannot shift
laterally.

For this reason, spiral transition curves are used extensively in mainline railroad
design.
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Spiral Curve s oUlE La L ) 5

A transition curve is sometimes used in horizontal alignment design
It is used to provide a gradual transition between tangent sections and circular curve sections.
Different types of transition curve may be used but the most common is the Euler Spiral.



American Railway Engineering Association (AREA) recommends using spiral curves on
all mainline tracks between tangent and curve and between different degrees of
curvature where compound curves are used.

d AREMA * Same AASHTO in highway
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According to AREA, the recommended formulafor the

1S.

minimum lengthjof the spiral
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In metric system:

> Unit : metre

L= 0.01216EuV Or L=0.744Ea
.SV Al uas
V: maximum train speed

Eu: unbalanced elevation
Ea: actual elevation

In traditional U.S. units:

» Unit : foot

L= 1.63EuV Or L=62Ea
LSy Al s

V: maximum train speed

Eu: unbalanced elevation

Ea: actual elevation



L: desired minimum length of spiral, m(ft)

Eu: unbalanced elevation, mm (in.)

Ea: actual elevation, mm (in.) — Used in standards
V: maximum train speed, km/h (mph)

In metric system:

> We will use this units :
m,mm , km/hr

In traditional U.S. units:

> We will use this units :
ft,in, mph



O Front view sl asu

Eu: unbalanced elevation

Super elevation don’t give me balance on tires
(Giamsa L2l LS prpmaall JSL ¢ 5l Jsend pe) E
E,=Eb—Ea
E,=Eb—Ea
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In locations where obstructions make it impossible to providea spiral of desired
length or where the cost of realignment would be prohibitive, the short spiral as

defined by:
Juu e padl J Glama 3ga g s 8 2ad%05 5 J ghall alag) J A1 Aales @llia a5 (49
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L. =122E V may be used.

(1)

L iy = desirable length of the spiraljin feet |
E, = unbalanced elevation\in inches
V = maximum train speed wn\mules per hour |




L=0.0091«xEuxV

N i

v v Ty

hr
m mm




The Transportation Research Board (TRB) recommends an additional formula for
spiral length for light rail vehicles:

The desired minimum main line spiral length is the greater of the lengths as
determined by the following:

L= 31 Ea
L=0.82EuV
L=1.10EaV

Where L iy = desirable length of the spiral in feet
E, = unbalanced elevation mn inches
V = maxumum vehicle speed mn muiles per hour

Cr, Randa Qnaah Muijalli A%



It should be noted that the length of spiral to be used is the maximum computed
by both formulas:

L=0.01216EuV L=0.744Ea

Note that maximum superelevation: Freight: 6-7” Light Rail: 6”
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Avoid Reversed Curves

REVERSE
CURVE Es

Fadius of 1=t Curve

Center of
1=t Clrve

Nate: IF THERE IS NO TANGENT Tangent

BETWEERN THE 1<T & 2hD CURYVE, E STE‘i
THE POIMT WHERE THE TWO =]
CURVES TOUCH 1S CALLED THE TS
"PCINT OF REVERSED CURVE" OR

FRC Eadius of 2nd Curve

Cemter of
2nd Curye

Min. 100’ or 3 seconds of running

Time between curves (select greater)!!
’/’!%T




Table 12-6 Equilibrium Elevation for Various Speeds on Curves (mm)

e Radius Degree of 48 km/hr 64 km/hr 80 km/hr 96 km/hr 112 km/hr
fm) Curve® (30 mph) (40 mph) (50 mph) (60 mph) (70 mph)
3493 0° 30’ 8 14 29 31 a3
1746 1° 00 16 28 44 63 36
1164 1° 30 24 42 65 94 128

873 2= 00 31 56 87 126 171
699 2° 30 39 70 109 157 214
582 e S a7 — 84 ————13% 188 - 256
499 330 S5S 98 153 220

437 4° OO 63 112 174 251

349 57 00’ 79 140 218

291 6° 00’ 94 168 262

250 7° 00’ 110 195

218 8° 00O 126 224

194 . 9° 00’ 141 251

175 10° 00O’ 157 - 279

159 11° OO 172

146 12° 00 188

e of curve applies to traditional U.S. units.
- Equation 12-38.

Using chord length = 30.48 m

B, Banda Qaah, Nyijalli : ) yay



Vertical Alignment of railways and guideways

e Vertical parabolic curves are used to connect intersecting railroads gradelines.

Cr, Banda Oaah NMujalli YA



* Curves are needed to provide smooth transitions between straight
segments (tangent) of grade lines for highways and railroads.

* |In addition to horizontal curves that go to the right or left, roads also have
vertical curves that go up or down.

* These curves are used to join tangents (eg: tangent 1, 2 and 3 Figure 1) in
order to provide a gradual change in grade from the initial (back) tangent
to the grade of the second (forward) tangent.
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/ Ground profile

N\ /Tangent2 / ,
‘\

\Tangent 3

Tangent 1

Curvea——>

Copyright ©2012 Pearson Education, publishing as Prentice Hall

Vertical curves at the top of a hill are called crest curves
and vertical curves at the bottom of a hill or dip are called
sag curves.
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Factors to be Considered

1/26/2016

Providing a good fit with the existing ground profile, thereby
minimizing depths of cuts and fills.

Balancing the volume of cut materials against fill.

Maintaining adequate drainage.

Not exceeding maximum specified grades (g) and meeting fixed
elevations such as intersections with other roads.

In addition, the curves must be designed to:

 fit the grade lines they connect

* have lengths sufficient to meet specifications covering a maximum
rate of change of grade (which affects the comfort of vehicle

occupants)

; — oy , i . . . 371
e provide sulficient sigit distance 1ot sate vehicie operation.



CUT

TangLnt 1

|
|
|
|
Shnon o000
520

RL 500

GL 500 550

HT. Cut 0 30

HT. Fill 0 0
1/26/2016

/ Ground profile

Tangent 2
/ g

I FILL \Tangent 3

<:—Curvea—> ~—Curve b—>
I
I

Copyright ©2012 Pearson Education, publishing as Prentice Hall
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Design of Vertical Curves

G 2

Yo

2 G2

Gy and Gp, Tangent grades in percent.

A, Rlgebraic difference.
TYPE 11 LLLA

., Lenath of vertical curve.

SAG VERTICAL CURVES

Figure 111-38. Types of vertical curves.



Vertical curve terminology

Changein grade: A=G, - G,
where G is expressed as % (positive /, negative \)
For a crest curve, A is negative.

For a sag curve, A is positive.

PVI A=g2-gl

1/26/2016 Cr,Banda Oaah Nujalli 374



Properties of Vertical Curves

BVC

L/2

> Pl

Characterizing the curve:
Rate of change of grade: r=(g,-g,) /L
g is expressed as a ratio (positive /, negative \)

L is expressed in feet or meters

L/2

where,

EVC



Vertical Curve Geometry

e Parabolas provide a constant rate of change of grade, they are ideal and almost
always applied for vertical alignments used by vehicular traffic.

* The general mathematical expression of a parabola:

y=ax°+bx---+c---(1)

y =the ordinate at any point of the parabola at a distance x from the origin of the
curve

ax?= the parabola’s departure from the tangent (tangent offset) in distance x
b = the slope of the tangent to the curve (X = 0)
bX = the change in ordinate along the tangent over distance X

c= the ordinate at the beginning of the curve (X = 0)



/ Point of tangency

BVC

L -
/\/

Y = ax?® +bx+c

< O >

l Parabola

> X
Y —c =b(x—0)

—ax? +bx+c—bx —c

Copyright ©2012 Pearson Education, publishing as Prentice Hall
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The slope of the curve at any point is given by the first derivative

dy
dXx

= 2axX + b

The rate of change of slope is given by the second derivative:

d<y
dx?

Which is constant, 2 a can also be written as:

= 2Z2a

r—2a—92-9_A

(for an equal tangent parabolic curvel- L

1/26/2016 0r, Randa Qnah Muijalli
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If for convenience, the axes is placed at BVC, equation 1 becomes:

vy — ax® + bx

dy _ slope= 2ax+ g,
d x

dy (92—91)X+gl
d x 2L

NnNow, vy — ax® +— bx:




Geometric properties of the parabola

\Q\'z

Crest Curve
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Elements of Vertical Curve

e Equal Tangent Vertical Parabolic curve

Terms used by surveyors and Engineers:

BVC = beginning of vertical curve OR
VPC = vertical point of curvature

V = the vertex, often called VPI

VPI = vertical point of intersections
EVC = end of vertical curve OR

VPT = vertical point of tangency

gl = grade of the back tangent (%)

g2 = grade of the forward tangent (%)
L = horizontal distance (BVC to EVC)

An equal tangent vertical parabolic curve means the vertex occurs at a distance X
= L/2 from the BVC
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Railroads vertical alignment design differs significantly in several aspects from the
profile grade design of highways.

These differences arise from inherent vehicle differences and results in more
stringent design criteria for railroads, this is attributed to two considerations:

The much longer and heavier railroad vehicle
The relatively low coefficient of friction between the driver wheels and the rails.

Railroads are characterized by much smaller maximum grades and much longer
vertical curves than are highways.

Generally, steep grades cannot be tolerated in railroad design.
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Maximum grade for most main lines is about 1%

On mountainous terrain up to 2.5%

Slightly greater grades can be tolerated for railroads that accommodate freight
trains, e.g., in Atlanta conventional rail transit system a grade of 3.0% was used

LRT — maximum 4 to 6% Up to 10% for short sections

Minimum grade of about 0.3% maybe required in underground and on aerial line
structures to accommodate the drainage

0r, Randa Qnah Muijalli YAY



Railway vertical curves — old formula: Old railway formula developed in 1880’s for
“hook and pin” couplers in those days

L=A/R
A = algebraic difference of grade (ft. per 100-ft. station)

R =rate of change per 100-ft. station

Table 12-12 Vertical Curve Criteria for Railroads

Maximum Rate of
Change of Gradient,
Percent per Station”

In Sags On Crests
High-speed main tracks 0.05 O.10
Secondary main tracks O0.10 0.20

Metric Units

Maximuim Rate of
Change of Gradient,
Percent per Mieter

In Sags On Crests
High-speced main tracks 0.00164 0.00328
Sccondary main tracks 0.00328 0. 00656

“1 sintion == 100 'y,

Source: Adoapted from Menual for Raldlway Engineering., Vol

1.
Amerioan Mallway FEnginesring Association, 1995,
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New formula developed in recent years:

L=2.15V?A/a

Where,

V = train speed in mph

A = algebraic difference of grade in decimal
a = vertical acceleration in ft./sec2

0.1 ft./ sec? for freight,

0.6 ft./ sec? for passenger or transit



Example:

A +0.8 % grade intersects a -0.3% grade on a high-speed main track. What minimum
length of vertical curve in feet should be used?

* The curve is crest. The total change in Grade is |[—0.3 — 0.8| = 1.1%
e R=0.1(Table 12-12)

Length of vertical curve= L=A/R=1.1/0.1= 11 stations or 1100 ft



Example:

A -0.4 % grade intersects a +1.2% grade on a high-speed main track. What minimum
length of vertical curve in feet should be used?

* The curve is sag. The total change in Grade is |1.2 + 0.4| = 1.6%
«  R=0.05 (Table 12-12)

Length of vertical curve= L=A/ R=1.6/0.05= 32 stations or 3200 ft

Cr,Banda Qaah, Muyijalli
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Critical issues with Vertical Curves

a) Overlapping vertical
curves

b) Avoid lowering
existing tracks

c) No vertical curves
within turnouts

d) Provide additional
clearance In sag
curves

e) No vertical curves
within horizontal
spirals

Vertieal Carves
Wj&_:fiij-t;r@ﬁé?-_“- L S ——
-3
7/ y
i L
""'\-\.._\_‘_\‘-

- Ly 2
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Turnouts
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Typical Section - Railroad

iE Ballast 12 lnches Below Bottom of Tie

*Sub~Bauasf6 i r;'f,.fj; Ve

Compacied Subgrade 1218 Inches

Subgrade top width of 24’ to 30’ for single track

0, Banda Qaah Neyjalli.
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Ballasi cess
shoulder

Permanent[ Track {aaug

e
Ballast & sub-ballast———

" Blanket(optional) ———
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Cross-section Elements:
Ballast
Cross-ties (sleepers)
Rails

Tie plates
Fastenings

Rail anchors
Rail joints

~ CANT ANGLE OF RALL
=™ ONTHE PLATE (1:40)
g‘:ﬁlﬁm I FIELD SIDE
. OFRAL
TEE SECTION RAIL

(DIMENSION VARIES

DOUBLE SHOULDER BY SECTION TYPE)

TIE PLATE

)
7
ANCHOR o | |
SPIKE |

392



- C-C of tracks - variabte——:*-J
I l ~
6’ fe— B 16" 'e—— Top of tie
8” min ’l\ "::" '.‘l S
S\OQ ..,i.':"‘_.‘x'.,- C'v-"o. o efe . .‘Ob' '-':.5'.._’.‘5.: ey
. ...Slope Al o e O RIE. .

TR BT RIS ".%9::’."'- "t?“‘. QSub ballast

Ballast section no. 1

o= C-C of tracks - variable —>
G'l B -6’ Top of tie
ILl IE_;L =
el S
’0 . TR l.- P P T T S Ll .,“';.'s‘r.
8" min
pldog e 7 e “v . s 4 e o
R s * a""":' "'Ba“aSt ."l"’:-:'.c'b-’o : ve ".:'1’-"' .
e e 0 ! DA BT v ‘028 @ 9
.s'ope48 1 ."‘A .'4".'..".'-,‘".,:0.."‘!‘l v. ':".‘.‘.’."lb‘b:‘.o 4 x % 5
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Ballast section no. 2
Area ballast sections, single and multiple track, tangent

Notes:
Depth of ballast section to be used will depend on conditions peculiar to each railroad or location

Sections apply to all types of ballast.

Sections for use with jointed or continuous rail.
Top of ballast determined by the use of various mechanized ballast distributing operations.

Figure 13-4 Typlcal roadbed sectlon for smgle mam track (Courtesy Southern Rallway Sys o

IVl

tem.)



1. Ballast

Ballast is the material in which the track structure
IS imbedded for the purpose of holding the track
to line and grade

= Track structure : sleepers and rails .

Horizontal and vertical alignment 4=l (e 486 8 jluall Conl (4 jal Lgad G g s
- Material: crushed stone and washed river gravel
CAadal) ol oL 8 elal i giall ardind 1 deddiudl 3 sall

Grain size: 1.5 —-1.75 inches



Sub-ballast: used when ballast material is
expensive, there is a short of supply, or very low
sub grade quality exists
s sdsia ¥l e il e Y Ladie ¢ pailla 8 andiid s i) & gl e e 0 JB) gl selaS 8 30l o
Aol dsdall el (g3an S cpe ) andiiog Alaldl sl 85 Luws dle () 5S5 Ll
Ballast depth: 6-30 inches depending on wheel

loading, traffic density and speed, type and
condition of foundation

Sub-ballast depth: 12 in

&yJMyJQ\JM\JJ}M\jJM\UAL@_JL CJN\(M\&LM..&J}L\SLAM; \(M \
A Gandl 313 LS gl ada gl LalS g ad gl 1 8 (bl 5 4, il



Ballast is used for: ¢ Leani 1AL
o858y el e Jadlas g 4lal) claalall Blaall (e adldll Gyl a0 ) 58

1. Distribute wheel loadings :

2. Anchor the track 0585 Aaadiuall Balal) dapda ae Bulis 28 gall 85 il lasl iy pua
3. Provide immediate drainage DUadll e bl a8 gall 8 jlad) JulS5 s dasll @S el oy il
4. Minimize dust Cdbay) ey skl Ao e i 1_@_;3( Ll gl Y
5. Inhibits vegetation

2. Crossties (Sleepers)

Materials:
- Treated wood
- Concrete (pre-stressed & reinforced)

Section: 6 x6inch upto7x9inch
Spacing

Length: 8,685, &9ft

Average spacing: 21 inch




Functions of Crossties:

1. Spreading loads to ballast
rails <48 <8 Al pallast ) Jea) )5 il

rails

crossties

ballast

2. providing correct gage between rails
rails o —ulial 2eldl) 8 o

3. anchoring the track track o



4. making the needed adjustments to vertical
profile. L rsa S g mle JSG bl (s

3. Rails

- Continuous inverted T-shape steel beam

- Function: transmits loads to crossties via tie plates
and fastenings



3. Rails

- Continuous inverted T-shape steel beam

- Function: transmits loads to crossties via tie plates
and fastenings

eV i lgiida g 5 AS el 8 Al cllia & S 4 Juzadl Gl S 4 ) pain) ol Jsdall a5 LS

- Length:

in the past 39 ft standard
recently 1440 ft is used

A sk e ST el skt ciaa (Mg



Advantages of long rails: Dl gy Juail @lld (585 o s 5 J shal S LS

- less maintenance costs
- higher speeds are allowed rail#l  rail#2

- less damage
- smoother ride

| | - == Coaa 3L (e 5l s, Jualie

- Rail gage: is standard = 4’ 8.5 " S Cancall i caal § LS el LS

_. Sl 5 Caeall Tlis J8 el LS

ot T , Adall dals 8l S
1151 B':E "~ 41.a0 JO| nts

o TS P R P G YOS5 90 P Y RO [ P
e REN R PRURE TN
i Al bl Al ileal) s
Gl J da salal) d Ay f

Figure 13-6 Typical rail section. (Cour-
tesy Southern Railway System.)



4. Tie plates

- Laid on the crossties under rails

- Dimension: 7"7- 8" x 10”-14" x 0.56""-1"

tsssc":&m, /
1 7—8

AL 10 — 14 0.56 —1

L

FORE-AFT
FORCE

Functions:

1. Preventing damage to the wood crossties by
distributing the wheel loads crossties b ol Al e Qi)+ Caills )
2. Holding the rails to proper gage
roaall AdlSe A Hlual) s
3. Offsetting the outward lateral thrust of the
wheel loads EaY Lga 5 i b A YY) Adaall



5. Fastenings il jialia

Used to anchor the tie plates to the crossties

6. Anchors

Used to anchor the rails to the ballast in order to
reduce the longitudinal movement & control the
temperature expansion of rails

oo bilas S pallast  a rails <l andiin | bl e Al e s
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Fastenings

Insulator

Pad

Insert

(a)

Rubber pad

Plastic base plate

Insulated steel anchor pin

(b)

Figure 13-8 Examples of clip fastening systems. (a) Pandrol.
(b) Fist. (Source: Concrete Railway Sleepers, State of the Art
Report, Thomas Telford, ondon. 1987.)

7. Joints

Functions:
» Provide smooth continuity of rail ends

» Transfer the wheel loads between rail ends

rails w8l dubua) (el 1 Sealdal)

iy prails IS on b Jlall Ja
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Urban Mass Transit

CooICips.com
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Most Recent Urban Public Transport Systems

1 - Artnculated Bus 2 — Bus Rapid Transit (BRT)
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2 - Bus Rapid Transit (BRT) G G Ay el A Al e Jpate | 4 pald e 4l
W = g s J dost 8 Alle L e sull 055 () plaa 3y

N LS gl Ll o jlnd) Gl Wde o bl e gl S
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3 - Light Rail Transit (LRT) S5 85 Alatia (4585 8 A8 4l | (g peaal) il g 153 (e g 50
| : Crua 33l ) (ANSE 2y T il Y & ghadall axe | AS yiha
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Advantages of mass Transit:

1.
2.
3.
4.
5.

High capacity S5 50 ol as Sie | 5y s 1 slaad) JAI ) jaas
Energy efficiency Lo alaa 3y Ciusdy Ul ol a3 | S 5 6kl daa g
_ess pollution & my (ol LS pall Julss | 28U 3als (e 5SS 360 10

: 48Ul Loagl Juls 5 jlcall <ol jlad) cilie L) Jals g o 68 o)) elDlgiul
Reduce congestion AR Ll s 3 ) SO el Qs 2 55) B
Lower cost b b i ) ) et A A Al 3




System Classification:

A. By Route Type: (Depends on existing roadway network)
Gk Al culS 13 Y) Sl 3sasall okl g i) e g g aag, il Lede Jast Cogus 3 dadai) £
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Cross town
Radial
Circumferential
Grid
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= Central Business District=CBD
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—» Crosstown route

Figure 13.1 Transit system classification by route type. Key: — — —, ¢rosstqwn route; (12
—_— —, radial or corridor route; ———, circumférentral route; =, gria route. '
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Figure 13.1 Transit system classification by route type. Key: — — —, crosstown route;
—-—-=—_ radial or corridor route; ———, circumferential route; -, grid route.
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By Service:

Residential collection system
Feeder system

Line-haul system

Downtown distribution system
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Distribution

Collection
D 1. Residential collection system
2. Feeder system
3. Line-haul system
0 4. Downtown distribution system p
Distribution

Collection



Residential Downtown

Collection Distribution
System System

DDS

l Feeder System Line-Haul System

Figure 13.2 Transit system classification by service function.
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Residential Downtown
Collection Distribution
System J System

|
RDS

l Feeder System Line-Haul System

-

Figure 13.2 Transit system classification by service function.




Residential Downtown
Collection Distribution
System System

cladl) Al

Feeder System Line-Haul System

Figure 13.2 Transit system classification by service function.

Residential Downtown
Collection Distribution
System System

343ﬂ\ Z\JAJ

Feeder System Line-Haul System

Figure 13.2 Transit system classification by service function.




Performance Measures: D oalie died Wl aa gy | aladl Jaill aUas el Lald janlia ol
1. Cost efficiency (cost per passenger mile)
L dazadl LIS (BB S LIS bl 138 | Jlaed) aaeg 4 g gaae (g dlisall 220 e da e Jal) Aoy 5 4418

B Cost
~ #of passengers * # of miles

2. Labor productivity (passenger miles per employee)
C il LIS o)y LalS 450 jla Ui A8l | aldail) 138 8 agiuls gy gl (0l Jlaad) daalil)

Passenger » miles

employee
3. Energy efficiency (energy consumption per ) )
passenger mile) | lera Jalais Al ABUa) Al g
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~ #of passengers * # of miles a4 e s



4. Accessibility (within walking distance) R =250m Cdal) A g ) S s gl A<yl

R =250m Bus stop
N Line e
\ 2
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5. Quality of service (LOS: A — F based on travel time,
% of trips on time, ...)
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System Economics

Five Categories:

1.

Operating wages and benefits (straight time and
overtime wages)

LIDA e el 8lal Jae @llia IS Jla iy an ) ol gall QLT JMA Cils sall 580 e g Jareil) (alS
Al cillad)

Transportation cost (fuel, maintenance, ...)
Ulas | 2585 (o Jil) s

Vehicle costs (insurance, license, damage, ...)
S all A Jae ] | pand 5 el (e Jail il o dald Callss

Fixed overhead costs (management, office

xpenditures, ...
expenditures, ...) Ll 5 5y Jie A4 Caylll



5. Capital costs (depreciation, ...)
¢ allaill (DA aiad (e @llgind o) Jlall (o i oS (Jla) Gl ) Al (il 1) Caglsal

Transit Financing

1. General taxes (property, sales, & income taxes,

o b sa | 4 aalit G A gall 00 Y (3] (ppidal gall Aadd agd g ale Ji5 ¢ 5S4 Lapes Y Jal) allas Jy gat 488
Jaal S cilepall ol cildiaadl Jia daladl (il juall

2. Auto disincentive taxes (gasoline, registration,
parking taxes)

3 pad il e Dia dy ) ad LS el 02g] agaladiinl (e Jls ST Al LS yall e Ay ya

3. Direct benefit financing (local government
subsidies)

Alall 453} sl oyl e @l g e e



4. Non-transit related taxes (cigarette taxes)
Al Jil) aca J e A 6 i ilandl e e
Transit Rate

F=F,+KN

F=fare to be paid  alall Jaill 48 a3 4 5 s

kel Jal) Al 35 a1 s A4S

F, = base fare ?L’J‘ Jaill s Ladast LalA dalaa Ll

K =increment in price per zone

N = number of zones crossed e shiall adaliall 2xe



F=F,+KN
K =10 -

N=3 N=2 N=1

Fb+10«x3 |Fb+10x2) Fb+10x1
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Types of Bus Service

1. Local bus Transit: provides service on city streets &
subject to interference from other traffic

; Cibal) Lgadlls Al ciladdd) £ gl
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2. Rapid Bus Transit: has exclusive right of way & can
maintain higher speeds

LA S Ao yu Sy (ald el | a ) Gall) e oY) 8 U el

3. Subscription Bus Service: Works on a daily or weekly
basis

Ofila gl dla ) @l o a8 Ll dgia (56K Y 5 AL gl de ghaite il g Al ga a7 Gl & gl
Agdal) Jie Le sl ) Lua sy

4. Dial-A-Bus System: user calls a central computer and
request a bus. Used for elderly and handicapped

cbadsa (SLeY Cpall LS i e aase A4lad LS pall o dind | ay S sl Jie dalail



System Components

A. Bus Transit Vehicle:
The transit bus has a seat capacity of ten or more
passengers. For Local buses, the area also provides space
for standees in case of high demand.

Gl 3 )38 ) & ol Jayd Gall) dpens (3l | Jaall alas il S aal (e A 5 4SS yall 3 U Gl gSa
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Types of vehicles:
»wsS 1. Minibus (length = 18-20 ft, # of seats = 16-24)

—> 2. Conventional (length = 30-40 ft, of seats = 35— 54)
3. Articulated (length = 55 — 60 ft, # of seats = 35-70)
il 4. Double deck (length = 25 — 35 ft, # of seats = 50 — 90 seat

L oabll L i ol ) laliall s Lo ool S agy Jghal
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B. Bus Travel-way

1. Shared travel-way (affected by traffic delay and
congestion)

Alaa ¥l AL (m jre s Gl el 0 ae il | 43 Py pald) a0 581 O (A8 (53 G5yl

2. Reserved lanes (separated from other types of
vehicles)

e saxll g lald) J dsaiad; Liad g o e 230 Lidd g o jlise 2330 sl Jmy (5) daiaie )l
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3. Busstreets
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4. Traffic signal preemption
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Bus streets

Reserved lanes



signal preemption Reserved lanes



Warrants for reserved lanes:
a. Freeways: at least 300 buses during peak period
b. City Streets: at least 30 — 40 buses during peak hour

30 JSY‘QJLU}S.\MM\ d;\dbﬁjoj)ﬂ\ o).\Sd)\Aua\_isoo dﬂy\ésuji\‘UAJ\Aj\ d)ﬁ‘
L8918 y8 A (el eyl ) (=l

C. Bus Stop

The main goals in planning and designing bus stops:
1.  Provide direct bus access to and from express roads
and busways

uﬂﬂ\dbw&ow&&)ﬂ\&dduﬁYJﬁ



2. Minimize bus layover in order to maximize berth
capacity

e Layover : Short time for recovery before reentering to service .

ol Cuse o) 2485 Aad ol Ailiea s QIS Jraay 58 Y

* Terminal : a location where the bus can begin the service . <Glalll xass

 Berth:Abusloadingarea. WSl dijis Jaead lSa

3.  Separate loading from unloading operations
cglaall e il ) Jads UL o5l 5 Jaeadl) (Slal Jicad

‘ J—

°

¢ Loading ¢ Unloading



4. Utilize each berth by minimizing the number of
different routes

Jo il g Jaanill Jad (e HISY Adadil) i aladii)

Line A

» Line B ¢ Bus stop

5. Minimize walking distance to walking bus lines
sl Slase () J g sl 8 1) il

6.  Utilize automobile parking to reduce bus mileage in
low density residential areas



JdTypes of berth :

1- Linear (curbside): can operate in series and has capacity characteristics similar to on-
street bus stop .

s Gl e 3 g pall Cilalill (e b 4l

Linear Berths Ja il 5 Jpanl) dihaie

Ll Jedd lsa
- | oW dsaag

A T A US Llatform



2- Sawtooth Berth : Popular in urban transit centers, designed to permit independent
movements into and out of each bay . .. .
Jlddal) pw Jia

Sawtooth Berths Sa i g Jaaacil) Ablaia

waldl Z s A (e
bay



3- Angle : this loading type is limited to one bus/bay requires loses to back out,
often used for coach terminals with long dwell times
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platform

Angle Berths /
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4- Drive through : Do not require busses to back out and may accommodate
multiple vehicles .

Drive Through Berths

oAbl g 9 A Clka

platform Jills Jeaaldl) (lsa
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Maximum spacing of stops for local bus system is usually
about 0.5 miles l

0.5miles = 800m duaadl Jala

Bus stops (according to their location from intersections) are:
¢ Lgaall Jala g il 8 cladalal) (a8 lalll (ol ge puzals CaS
1. Near side (the bus is going to turn right on the same
intersection) I Al (ya Cpasll A
2. Farside (the bus is going to turn left on the next !

intersection) AN 2l e lewl! o) () adalat) >L\__

3. Midblock (the bus is going straight or intersection
stops are not possible) alaSl A gill g CpundalEil) (s La Lgilsa J ¥ adalil

-



NEAR-SIDE, FAR-SIDE AND MID-BLOCK BUS STOPS

iA g'—
/W —>  Beginning of curve
parking
_ [sor
On-street parking for NEAR-SIDE gfop
Passenger cars
Bus stop

Bypall A mase 9o LS Sadell Al e 10 48l
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End of curve direction of traftic >

1
[ - I parking
FAR-SIDE STOP

el of e 03l 85 la late ddlie aiall Al I ol Hluall (i o (e € B gal) il g il 03
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175’

bus stop sign ¥ . I

MID-BLOCK STOP
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10 ft = 3m

NEAR-SIDE, FAR-SIDE AND MID-BLOCK BUS STOPS
I 8s’

- .
= ey AN
: ‘J’) f NEAR-SIDE STOP
& o
0 Qé (}' ‘OD"

‘)\8
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- Special bus stop turnout are provided on freeways near
park & ride services

e Turnout:
1R an) o palyl) i ga 0 9Sy Aaall 7z A US Ja B,

- Bus stops may have:
» Only asign
» Abench
» Ashelter
Shelters may have advertising, Dnones,
scheduling information, ...
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Operating Characteristics sl aila
A. Service routes Ll Q\é@ g J i @S\ Jal sal

The factors that affect bus demand are:

1. Density of residential areas

4. Average auto ownership
LS all 220 xa Al 28U sle) ye lile STy llall 3 LalS Al 28U el LS 5 Al 48U
bl e g8 LS dSbadl il el aae <l ) LalS g 4l
2. Non-residential areas size and density
- S Litals Gl ) LlS @l ) WlS 5 40lSull jue glalial) 28U 5 ana

3. Distance between residential and non-residential

areas
sl e callall a5 LS el ) LS g dalSad) glabiall o 4l il shbiall fpu Lo ALl

5. Level of service of the bus system
e Sall 5 lalldl e Callall o) ) LS 2ol (o g ol ) Ll 1 cilald) dand

6. Bus fares bl e Qlall o) 5 LS duiline il WIS bl 3 al



The factors that affect the bus route configurations: Sl Jisishshill oo e iy Alhiall 48) £ g
J poiia sl iy oS 8| dadiiiaall cilialill de 5

1. The overall system service

2. The geography of the area L Gkl e Gl
3. Streets and highways available for bus use

4. Other competing transit services in the area cduil) daad 8 daliall g Jaill chlead chal y LS

Cdal il g aladind J8 ) a S ol gl o) 8 aaall il

B. Service Frequency
Frequency:f=n/N

f = frequency required (busses/hr) - A=t s Glaldisae oSl o (& lalill 22 5
n = demand for service (passenger/hr) Aeludl I3 alall Jaill Al 5 158 2 agil @ siall QSN 2ae
N = maximum number of passengers per bus (bus capacity) =l dx.



Headway Ll e gl G el U e 5 e

h =14, + typ

h = minimum headway between buses in minutes

lltda _bﬁ&jﬁﬂ&ﬂ\g\&dﬁéum‘" i o) 2
t,, = average dwell time for alighting in seconds C AL a3 a0y (S5 jrieall i )
R L ah Jaaill G el S Jla L deddii () 53311 13
— F =

t,, = average dwell time for boarding in seconds RS LS | S PPN RPN g YR NN (G A



Dwell time = the total a mount of time a bus spends at a
bus stop

ty, =aA+C  (foralighting only)

ty, =bB+C  (for boarding only)

a, b = average alighting, boarding service time per passenger Js ol dend i g Jas 5ia
in seconds L S) ) JS b griall

a=1.5-2.5seconds,
b =2.5—3.5 seconds for fares collected by the driver

b =1.5-2.5 seconds for fares collected before boarding

; ; ugﬂlagﬁ dgral) Gl U (§ riaual) (pa )
ChoaY) SIN e B e (68 ol o Al Al 55 el aea Bl a sty o V) Al




A, B = alighting, boarding passengers per bus in peak 10-15
] BJJM\ “—‘EJ@?@L@HL}’J}‘ L_i\SJS\ : ?@'MJ";\&‘U"J\ L_\\S)J\
C = Clearance time between successive buses in seconds

Glel s Jajiiy daead (e (5 IS i) (s (i @), Omald) s Al (3 Y
C =15 seconds Lol STl =38 HAY) Galll g 4l

* Note:
1- Unloading(dJ: )
2- Loading (Jex3)



C. Service Capacity
The factors that affect the capacity of a busway:

1. Roadway capacity
2. Bus station platform capacity
3. Headway

4. Vehicle capacity: determined by

A.
B.

C.

Seating capacity (number of seats)

Standing capacity (# of standees considering health/safety
standards)

Crash capacity (# of standees ignoring health/safety
standards)

+ AadAl) da

A Aans daie dras | Andl (3 hall dx
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C,=C,+zC, z = allowable fraction of ultimate vehicle standing capacity

el 8 Cagh gl agd and Gl QLS I dae | ol Jalaa
REGHISEII | PRVIREU F Pt PRETIN SN

R.=60C,/h

C, = total vehicle capacity

C, = vehicle seating capacity

C,= ultimate vehicle standing capacity

z = allowable fraction of ultimate vehicle standing capacity
R, = maximum route capacity in passengers per hour

h = minimum headway in minutes



Q. If the bus seating capacity was 50 passengers and the allowable fraction of ultimate
vehicle studies was 20% , knowing that the max vehicle standees allowed is 20 passenger
and the headway between successive buses =15min, calculate the route capacity ?

C,=C.+zC,

C.=50 z=20% h =15 C, =20 R, =?

C,=50+0.20 20 = 54 passenger

54
Rc = 15 = 216 passenger/hr

60
D. Scheduling (Timetable)

Where vehicle headways are greater than 10 minutes, the Lelens Sie 228 11 il ]
headway must be in 5 minute increments (15, 20, 25, 30, ...) ' ;55»%5 i5ds 15



Design of Land Transportation
Terminals



« Terminals costs comprise a significant if not dominant portion of the total
costs of transportation

« Inadequately designed terminal facility may cause inordinate delays to the
movement of passengers or freight and ultimately may contribute to the
failure of the system

« The physical features of land transportation terminals vary a great deal
depending on:

— Transport mode
— Type of commodity
— Amount of traffic it serves
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Functions of Terminals

1.

Traffic concentration: passengers arriving in continuous flows are grouped
Into batch movements; small shipment of freight are grouped in larger units
for more efficient handling

Processing: includes ticketing, checking in, and baggage handling for
passengers and preparation of waybills and other procedures for freight

Classification and sorting: passengers and freight units must be classified
and sorted into groups according to destination and type of commodity

Loading and unloading: passengers and freight must be moved from
waiting rooms, loading platforms, temporary storage areas, and the like to
the transportation vehicle at the origin, and the process must be reversed at
the destination

Storage: facilities for short-term such as waiting rooms for passengers and
transit shed for freight commodities are required to permit loads to be
assembled by concentration and classification



6. Traffic interchange: passengers and freight arriving at a terminal often are
destined for another location and must transfer to a similar or different mode
of travel to complete their journey

7. Service availability: terminals serve as an interface between the transport
user and the carrier, making the transportation system and its services
available to the shipper and travelling public

8. Maintenance and servicing: terminals often must include facilities for
fueling, cleaning, inspection and repair of vehicles



Nature of the terminal planning process

The planner must design an optimum design:

Forecast the future level of activity at the terminal:

— no. of passengers accommodated by terminal, their pattern and modes
of arrival and departure and their needs while at terminal,

— Volume of freight, classified by commodity type, patterns and modes of
shipment to and from terminal

Forecasts can be based on historical data, empirical studies, and extrapolation
of trends

» Forecasting for passengers’ terminals, planners may need to perform
surveys of parkers and travellers to determine current travel deficiencies

and desires



« For freight terminals, assumed or known relationships between tonnage of
freight and volume of wholesale or retail sales, gross regional product, or
some GDP measurement

« It might be necessary for planners to perform special studies of vehicle
arrival rates and times, loading and unloading rates, processing procedures,
and work habits and rules

« Usually terminals are deigned to provide for 5-10 years in the
future



Queuing theory

« We will discuss the most elementary applications of queuing theory to
terminal planning

* Analysis of waiting lines or for studies of some component of more complex
operations

Characteristics necessary of a qgueue:

Mean rate of arrivals and their probability distribution
Mean service rate and the probability distribution of the services
Number of channels or servers (e.g., truck loading spots, toll booths, etc.)

Queue discipline, the order in which arriving units will be served (FIFO,
LIFO)

W



Waiting line:

Is referred to as being in a certain “state”, the queuing system is said to be in
state (n) if there are (n) units (vehicles, people) in the system, including those
being served.

State probabilities, indicating the fraction of time the system should operate
with a specified number in the system, are useful in evaluating the
effectiveness of various choices of terminal design features.

Other measures include: average no. of units in the system, average length of
gueue, and average time spent in the system.



why do queues form?

* Whenever demand arrival rate exceeds the service rate AND all the
demand must be served.

* Note that what matters here is the timing of the arrivals. E.g., if all people all
arrive at the same time, there's going to be a long wait for some.



Queuing terminology and mechanisms:

« Queue: waiting line.

« Arrival: the next person, machine, part, etc. that arrives and demands
service.

- Arrival rate: number of arrivals per time interval (A = mean arrival rate).
 Inter-arrival time: time between arrivals (1 / A = mean inter-arrival time)

e Service rate: number of customers or units served per time interval (u =
mean service rate (departure rate) ).

« Service time: time it takes to execute the service (1 / 4 = mean service
time).

« In the system: arrivals in line or being worked on.

« Phases: number of steps in service for each arrival.

 Channels: number of servers.




Single-Channel, Single-Phase

Arrivals Uueue Service
—_—l OO facility

e.g., drive-through bank

Multi-Channel, Single-Phase

. Service
Arrivals I mlh;
—_— <

Eenrlce

e.g., U.S. Post Office

Single-Channel, Multi-Phase

Arrivals Illur.-un‘.- Servi
. Service 3 EF"_-"_CE
= facility | — | facility

e.¢., McDonald's drive-through

Multi-Channel, Multi-Phase

Service Service

Arrivals facility facility
ﬁ I-' e / . ~ J

o Service Service

facility facility

e.¢., Suds & Suds Laundromat

@ 2004 by Prentice Hall, ., Upper Saddle River, M., 07458



Arrival and service times are random variables. Arrivals are discrete
variables, and service times are continuous random variables,

It is often appropriate to describe units arriving at a terminal by a Poisson
probability distribution:

(At)ne_)‘t
n!

P(n) =

P(n): probability of n arrivals in a period t
A: mean arrival rate or volume
E: Napierian logarithmic base



EXAMPLE 5.4

O veh/h at a specific highw
vehicles at this highwa

ay location. Assuming that the
Yy location is Poisson distributed, estimate the prob
01,2 3 4, and 5 or more vehicles arriving over
SOLUTION

arrival of'
a 20-second time inte

abilities of having
rval.

The average arrival rate, A, is 36
Eq. 5.23 with ¢ = 20 secon

0 veh/h, or 0.1 vehicles per second (ve
ds, the probabilitie
arrive are

h/s). Using this in
s of having exactly 0, |

2, 3, and 4 vehicles

. -~y

~0,1(20
(0,1><20)Ue 0.1(20)

~0.135
P(0)= ol
‘ .1(20)
ooy e L
Pll)= 11
—0.1(20) T
(e i
P2)-— 21
—0.1(20)
(0.1x20) < % —0.180
P3)= 31
—0.1(20)
L v il s
()= 41

For five or more vehicles,

.P(n=5)=1—-P(n<5)

~1-0.135-0.271—0.271—0.180 —0.090
= 0.053
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SOLUTION

Traffic data nre collected in GO-wecond ntervals ot o specific ' lovntion as shown in
Table §5.1. Assuming the traffie arvivals are Polsson disteiba wid vontinue at the same
rate as that observed in the IS time periods shown, what is the probability that six or more
vehicles will arrive in each of the next three 60-second thime ntervals (1215 .M. 1o 12:16
PM., 12:16 P.M. to 12:17 P.M,, and 12:17 P.M, to 12118 #.Mm )7

Table 5.1 Observed Traffic Data for Example 5.8

Time period Observed number of vehicles

12:00 P.M. to 12:01 P.M.

12:01 P.M. to 12:02 P.M.
12:02 P.M. to 12:03 P.M.
12:03 P.M. to 12:04 P.M.
12:04 P.M. to 12:05 P.M.
12:05 p.M. to 12:06 P.M.
12:06 P.M. to 12:07 P.M.
12:07 P.M. to 12:08 P.M.
12:08 P.M. to 12:09 P.M.
12:09 p.M. to 12:10 P.M.
12:10 p.M. to 12:11 P.M.
12:11 P.M. to 12:12 p.M.
12:12 P.M. to 12:13 P.M.
12:13 P.M. to 12:14 P.M.
12:14 P.M. to 12:15 P.M.

— —_
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(s

Table 5.1 shows that a total of 101 vehicles arrive in the 15-minute period from 12:00 pP.M.
to 12:15 p.M. Thus the average arrival rate, A, is 0.112 veh/s (101/900). As in Example 5.4,
Eq. 5.23 is applied to find the probabilities of exactly 0, 1, 2, 3, 4, and 5 vehicles arriving.

Applying Eq. 5.23, with 4= 0.112 veh/s and 7 = 60 seconds. the probabilities of having
0, 1,2, 3. 4, and 5 vehicles arriving in a 60-second time interval are (using Az = 6.733)

(6.733)0 e—6.733

P(O): o = 0.0012
v (6.733)' e 6733
P) = 0 = 0.008
v (6.733)2 ()—().733
RC2)— > = (;.()27
(().733)" g RN

£2(3) = ~ = 0,.0606
————
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(603} < 137

P(5) = = =0.137

)

The summation of these probabilities is the probability that 0 to 5 vehicles will arrive in any
given 60-second time interval, which is '

5
P(n<5)=> P(m
i=0
= 0.0012+ 0.008 +0.027 +0.0606 +0.102 +0.137

=0.3358

So 1 minus P(n < 5) is the probability that 6 or more vehicles will arrive in any 60-second
time interval, which is

P(nz6)=1-P(n<5)
=1-0.3358
=10.6642

The probability that 6 or more vehicles will arrive in three successive time intervals (7, £,
and ;) is simply the product of probabilities, which is

3
P(n=6) for three successive time periods = HP (n=6)

L=

=(0.6642)’
~0.293



« The assumption of Poisson distributed vehicle arrivals also implies a
distribution of the time intervals between the arrivals of successive
vehicles (i.e., time headway)
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Negative Exponential

« To demonstrate this, let the average arrival rate, 4, be in units
of vehicles per second, so that

1 = g \/Eh/h B veh
3600 sec/h  sec

= Substituting into Poisson equation yields

n —qt

qt e3600
3600 Eq. 1
n!

D, Randz Ngan Myialli

P(n) =



Negative Exponential

* Note that the probability of having no vehicles arrive in a time
interval of length t [i.e., P (0)] is equivalent to the probability of a
vehicle headway, h, being greater than or equal to the time interval

t.
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Negative Exponential

 So from Eq. 1,

P(0) = P(h>1) £a.2
—qt gt Note:
_ (1)65600 - e% XO —1
Ol=1

This distribution of vehicle headways is known as the
negative exponential distribution.

D Randz Ngan Muyialli



Negative Exponential Example

« Assume vehicle arrivals are Poisson distributed with an hourly traffic flow of
360 veh/h.

1. Determine the probability that the headway between successive vehicles
will be less than 8 seconds.

2. Determine the probability that the headway between successive vehicles
will be between 8 and 11 seconds.
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- By definition, F)(h < t) —1-— P(h > t)

P(h<8)=1—P(h>8)

—qt
P(h<8)=1-¢ Vasoo
_1_ e_360(8%600

=1-0.4493
=0.551



P(8<h<11)=P(h<11)-P(h <8)
=1-P(h>11)-P(h <8)

~360(11)
e Vw0_(551

=1-0.3329-0.551
=0.1161



Dimensions of Queuing Models

« Dimensions of gueuing models are:

« arrival patterns
« Departure (service) patterns
* queuing discipline
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« Arrival patterns (A, in vehicles per unit time):

— equal time intervals (derived from the assumption of uniform,
deterministic arrivals) and

— exponentially distributed time intervals (derived from the assumption of
Poisson-distributed arrivals).

« Departure patterns (x, in vehicles per unit time),

— equal time intervals (derived from the assumption of uniform,
deterministic arrivals) and

— exponentially distributed time intervals (derived from the assumption of
Poisson-distributed arrivals).
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* Queuing discipline

« first-in-first-out (FIFO), indicating that the first vehicle to arrive is the
first vehicle to depart, and

« last-in-first-out (LIFO), indicating that the last vehicle to arrive is the
first to depart.

— For virtually all traffic-oriented queues, the FIFO queuing discipline is
the more appropriate of the two.

Cr, Banda Qaah NMuyijalli



Queue Notation

Number of
Arrival rate nature \ / service channels

XIYIN

\Departure rate nature
» Popular notations:
— D/D/1, M/D/1, @»
— D = deterministic
— M = some distribution



Procedure applicable when:

« Poisson arrivals

* Negative exponential service times

* First-come

» First served queue discipline

* No limitation on the length of the queue

« Steady-state conditions (do not apply for the conditions where the arrival
rate exceeds the service rate)



M/M/1 Queuing

« exponentially distributed departure time patterns in addition to exponentially
distributed arrival times (an M/M/1 queue).

« Toll booth where some arriving drivers have the correct toll and can be
processed quickly, and others may not have the correct toll, thus producing
a distribution of departures about some mean departure rate.

« Under standard M/M/1 assumptions, it can be shown that the following
gueuing performance equations apply (assuming p that is less than 1),
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« Traffic intensity: the ratio of average arrival to departure rate,

2
P

p: traffic intensity
A: average arrival rate in units per unit time
M. average departure rate in units per unit time



=
|

Where:
Q = average length of queue in vehicles,

W = average waiting time in the queue (for each vehicle),

t = average time spent in the system (the summation of
average gqueue waiting time and average departure
time),

A = average arrival rate,
U = average departure rate, and
p = traffic intensity (A/w).



Example

Assume:

Service time: 15 sec/veh,
Arrival rate =180 veh/h
Compute the average time spent in the system assuming M/M/1 queuing?

ﬂ=@=3veh/min
60
AL = 60s / min = 4 min/veh
15s/veh
=2 _ 3 _0.75
AL 4



The average length of queue: - average time spent in the system:
2

N= P _ 1
— t:
? 1-p u—2
_ 1 )
t=——=1min
Average waiting time in queue: 4 —
o 2
Q = 0-75"  _ 5 >5veh
1—0.75
7 = A
p(p — 2)
3

= 0.75min/ veh

W =
4(4 —3)



M/M/N Queuing

M/M/N queuing is a reasonable assumption at toll booths on turnpikes or at
toll bridges where there is often more than one departure channel available
(more than one toll booth open).

M/M/N queuing is also frequently encountered in non-transportation
applications such as checkout lines at retail stores, security checks at
airports, and so on.

Unlike the equations for M/M/1, which require traffic intensity, p , be less
than 1, the following equations allow p to be greater than 1 but apply only
when p/N (which is called the utilization factor) is less than 1.
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probability of having no vehicles in the system (with
n, = departure channel number, N = number of departure channels,),




« probability of having n vehicles in the system,

Pn—'OPo forn < N
NI
"p

p=_F"T0 forn> N

T N™NNI



« probability of waiting in a queue (the probability that the number of vehicles
In the system is greater than the number of departure channels),

B POION+1
I:)n>N
NIN(@1—p/N)

As before p = traffic intensity (A/u).



« average length of queue (in vehicles),

__POpN+1 1
RIY {(1—p/|\|)2}

« average waiting time in the queue,

p+Q_

_ 1
W = —
Aon

e average time spent in the system,

fzﬂ
A



Example

« At an enterance of a toll bridge, 4 toll booths are open.
* Arrivals rate=1200veh/h

« Departure rate= 10 sec/veh

« Arrivals and departures are exponentially distributed

 How would Average queue length, time in the system, and probability of
waiting in a queue change if a fifth toll booth were opened?



* M= 6veh/min, A= 20 veh/min, p= 3.333, p/N= 0.833 (less than 1), M/M/N
equations can be used:

« The probability of having no vehicles in the system with 4 booths open:

1
FPo = N -1 N N
P £
n;o Nn_! ™ N!I(A— po/N)
P = L —=0.0213

3.333 3.333% 3.3333 3.333%
+ + +

1 +
1! 21 3! 41(0.1667)



« The average queue length is:

G_POPN_'—:L 1
NIN | Q— -2/ N)°

0.0213(3.8333)" 1
a1 (0.1667 )7

Y

:I = 33.287 veh



The average time spent in the system is:

f_p+Q
p

g 3338 43.287 _ 331 min/veh

20




« The probability of having to wait in a queue is:

P ) PO,ON+1
N NIN@—p/N)

_0.0213 (3.333)°

P> = 414(0.1667)

n>N

= 0.548




With a fifth booth, the probability of having no vehicles in the system is:

P = o @ , - =0.0318
3.3383  3.333 3.333 3.333 3.333
1+ + + + +

1! 21! 3! 41 ol




Q

t

« The average queue length is:

0.0318(3.333)°

1

= 0.654veh

oI5

3.333 +0.654

| (0.333)° |

« The average time spent in the system is:

20

= 0.199 min/ veh



« The probabilty of having to wait in a queue is:

o ~.0.0318 (3.333)°

A 515(0.333) — G

« Afifth booth will reduce the average queye length, average time in the
system, and probability of waiting in a queue



SOLUTION

A convenience store has four available parking spaces. The owner predicts that the duration
of customer shopping (the time that a customer’s vehicle will occupy a parking space) is
exponentially distributed with a mean of 6 minutes. The owner knows that in the busiest
hour customer arrivals are exponentially distributed with a mean arrival rate of 20
customers per hour. What is the probability that a customer will not find an open parking
space when arriving at the store?

Putting mean arrival and departure rates in common units gives & = 10 veh/h and A= 20
veh/h. So p = 2.0, and because PIN = 0.5 (which is less than 1), Eqs. 5.34 to 5.40 can be

used. The probability of having no vehicles in the system with four parking spaces available
(using Eq. 5.34) is

Thus the probability of not finding an open parking space upon arrival is (from Eq. 5.37)

5
i dila0g (2)

(L Y

414(0.5)
= 0,087



. Terminal design control and criteria
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Every person starts and ends his trip as a pedestrian. With the exception of
drive-through facilities
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Major activity centers, from regional shopping malls to sports facilities to
airports, rely on significant parking supply to provide site accessibility
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The economic survival of most activity centers, therefore, is directly related
to parking and other forms of access

) sead) i g8 g0 ) peibaa Ual ) AaziY) S0 je alanal gabuat®y) gl&) dasi y ¢ Gl
Al Jal Jila s o gAY Sgma gl J8EI g

However, parking supply must be balanced with other forms of:

— access (public transportation),
— the traffic conditions created by such access, and
— the general environment of the activity center
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Jall s Ate V) Cms WAAU O g Jal oo 48 gana llia AL 4 &5 e g 3 S ) 5<
i sl sl 138 e Aalil) g pall Cagylag ¢ Jgea gl AKa) ellia (6 o ny alall
Aladl Jaill aladi Al ge g Lianl g il yall | gaddiog Galdisl J <l jlw (a8l ga g3 Ladic
S sy Jsall | oLl 38 pal Aalall Al g ¢ alaa HY) ) A Caany Cogus o ) Lad

CJ8) Calsdaa) oSl ) zliag elidl (K15 50 Calahaa) oSl




Parking generation and supply
Parking generation:

Parking generation relates to the maximum observed number of occupied

parking spaces to one underlying variable that is used as a surrogate for the
size or activity level of land use involved

O5SE e, i ge 100 Ll iny (ol A gadia Lein (A 0085 Gl 5 o) Jiaiadall (SLY) (e 220 S

S Fhia sh g lax aga sa g Jal sall (pa 2l g onaell 138 Jay yig € (i Calaiad b jlus aa ) Al rdie 88 90 100
Uaiine LIS () o5 ) Blatall (e Gl 4 lat dadaie Dlia (ol ) aladiiad e adiay cllh g dbhaial) el S L&)
b 39 gal) BLEL) aaa g Lo agii f Lide <l € Y A JalS JG WiSu dlxiie & Ja | S dadaie | L las
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Preferred and alternative variables for establishing parking generation rates are
listed in Table 12.1

Also, a summary of parking generation rates and relationships, is shown in
Table 12.2
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s ()8 s g oY) g Jans siall Jaeall 5 ¥ alas



Table 12.1: Typical Parking Generation Specification Units

Type of Land Use

Parking-Related Unit

Preferred

Alternate

Apartment Residential

[ Shoppins Canier
\ Other Retail

Office

Industrial

Hospital

Medical/Dental

Nursing Home
Hotel/Motel

Restaurant

Bank

Public Assembly

Bowling Alley

Library

*GLA = gross lcaseable arca.

" gra = gross floor area.

Per Dwelling Unit

Per Dwelling Unit
with range by number
of bedrooms

Per 1,000 sq ft GLA®
Per 1,000 sq ft GFA™
Per Employee

Per Employee

Per Employee

Per Doctor

Per Employee

Per Unit

Per Seat

Per 1,000 sq ft GFA™
Per Seal

Per Lane

Per 1,000 sq ft GFA™*

Per Dwelling Unit
with range by number
of bedrooms

Per Dwelling Unit

N/A

N/A

Per 1,000 sq ft GFA™
Per 1,000 sq ft GFA™
Per Bed

Per Office

Per Bed

N/A

Per 1,000 sq ft GFA™
N/A

N/A

Per 1,000 sq ft GFA™
N/A

) Y aladia e el L bl

4 Single — Family Residential
4 Q,Sﬂ , QSL.MJ\ Qe L._u_q'ﬁ\}d\ c\.;h\ u.n\m
Caldha) (Sl 4 g e cang 3] g
Jia dale 2a g, Junlall (uliall o2 124
2259 psidd e JSgagill oz 2 say Al
die Jaladl 128 Bale aadtiy g A4S 0 Chias
Ll Sl AN el g Jaladl

 Shopping center

dshiall (pe ao ye ad all JS1 4 el 5S) )
. (S\.A .o Ji B).;BA .~..§ R )wvs.n n

1 Other Retail

B pdi Gl U1 Y el e AT & jlas ghalie

{ -~ < PO - o . * o < L4 .
(oumrce. Used with permission of Transportation Research Board, “Parking Principles,” Special Report 125, . y e\ o ) R s U;\ JL.\M ) ‘u-AlS M‘ R
Washington DC, 1971, Table 3-1, p. 34.)
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Table 12.1: Typical Parking Generation Specification Units

Type of Land Use

Parking-Related Unit

Preferred

Alternate

Single-Family Residential
Apartment Residential

Shopping Center
Other Retail
Industrial
Hospital
Medical/Dental
Nursing Home
Hotel/Motel
Restaurant

Bank

Public Assembly
Bowling Alley
Library

*GLA = gross leaseable area.

' GFA gross floor area.

Per Dwelling Unit

Per Dwelling Unit

with range by number

of bedrooms

Per 1,000 sq ft GLA™
Per 1,000 sq ft GFA™
Per Employee

Per Employee

Per Employee

Per Doctor

Per Employee

Per Unit

Per Seat

Per 1,000 sq ft GFA™
Per Seal

Per Lane

Per 1,000 sq ft GFA™

Per Dwelling Unit
with range by number
of bedrooms

Per Dwelling Unit

N/A

N/A

Per 1,000 sq ft GFA™
Per 1,000 sq ft GFA™
Per Bed

Per Office

Per Bed

N/A

Per 1,000 sq ft GFA™*
N/A

N/A

Per 1,000 sq ft GFA™
N/A

(oumrce. Used with permission of Transportation Research Board, “Parking Principles,” Special Report 125,
Washington DC, 1971, Table 3-1, p. 34.)

Copynight © 2011 Pearson Education, Inc. publishing as Prentice Mall
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Table 12.2: Typical Parking Generation Rates

Land Use’

Residential—Low/Mid-
Rise Apartment (Wkdy)
Residential—High-Rise
Apartment (Wkdy)
Residential—
Condominium/Townhouse
(Wkdy)

Hotel (Wkdy)

Motel (Wkdy)

Resort Hotel (Wkdy)
Industrial—Light (Wkdy)
Industry—Industrial Park
(Wkdy)
Industry—Warehousing
(Wkdy)

Medical—Urban Hospital
(Wkdy)

Medical—Clinic (Wkdy)

Avg Rate Per
1.20 Dwelling Unit P=143X - 460
.37 Dwelling Unit P=104X+ 1300
.46 Dwelling Unit P=9.8LnX - 272
091 Room P=L113X - 60
0.90 Room P=103X-24
.42 Room N/A
0.75 1,000sqftGFA | P=061X + 6
1.27 1,000 sq ft
=0.76 X + 2€
GFA P 5 X + 26
0.4 1,000 sq ft P=041X -3
GFA
|.47 Bed N/A
433 1,000 sq ft P=424X+ |
GFA

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

0.76

N/A
0.81
(.66

0.87

N/A

0.99

 We will use Avg Rate

and Equation and you
will choose Max Value

* R? and # of studies
el alg Y

> Residential :
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Table 12.2: Typical Parking Generation Rates

Land Use* Avg Rate Per Equation’ R? No. of Studies
Residential—Low/Mid- 1.20 Dwelling Unit P=143X - 460 0.93 19
Rise Apartment (Wkdy)

Residential—High-Rise 1.37 Dwelling Unit P=104X + 1300 0.85 1

Apartment (Wkdy)

Residential— .46 Dwelling Unit P=9.8LnX-272 | 090 32

Condominium/Townhouse

(Wkdy)

Hotel (Wkdy) 091 Room P=113X - 60 0.75 14

Motel (Wkdy) 0.90 Room P=103X-24 0.76 5

Resort Hotel (Wkdy) .42 Room N/A N/A 3

Industrial—Light (Wkdy) 0.75 1,000sqftGFA | P=061X + 6 0.81 1

Industry—Industrial Park 1.27 1,000 sq ft 0.66 8
: P=1076X + 2

(Wkdy) GFA Gk

Industry—Warehousing 0.4 1,000 sq ft P=041X -3 0.87 13

(Wkdy) GFA

Medical—Urban Hospital |.47 Bed N/A N/A 23

(Wkdy)

Medical—Clinic (Wkdy) 433 1,000 sq ft P=424X + | 0.99 6

GFA

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hal

# of dwelling unit = 50
5050 *1.20 = 60

P =1.43%50—46
= 25.5

5SY) Al LY 60 Al
» Industrial (Light)

dids clelia
Area = 5000
S0 0.75 * >000 = 3.75
0 1000
P=0.61=% 5OOO+6 9.05
- 1000
Take it



Table 12.2 (continued) Typical Parking Generation Rates

Office—Office Building
(Wkdy)
Shopping—Shopping
Center (Sat-December)
Restaurant—Quality
Restaurant (Sat)
Restaurant—Urban
Family Restaurant
Recreation—Movie
Theater (Sat)

Recreation—
Health/Fitness Club
(Wkdy)
Religion—Church or
Synagogue (Sat/Sun)

2.84

17.20

10.1

0.26

.19

181

1,000 sq ft
GFA

1,000 sq i
GLA

1,000 sq ft
GFA

1,000 sq i
GFA

Seal

1,000 sq f
GFA

1,000 sq ft
GFA

P=251X+2]

P=459X+ 140
N/A

N/A

P=1060X - 542
P=362X +27

N/A

091

.84

N/A

N/A

0.65

0.61

N/A

173

20

“Parking generation shown for peak day of the week.

} . . § . 3 8 8
P = peak number of parking spaces occupied; X = appropriate underlying variable shown in the Per column.

(Source: Compiled from “Parking Generation,” 3rd Edition, Institute of Transportation Engineers, Washington DC, 2004 )

Copyright © 2011 Pearson Education, Inc. bubulhnnq a8 Prentce Hal

Jead J A RY
ERTAEN P R T |
Gl aatll Jia JoS5




d Example :

Consider the case of a small office building, consisting of 25000 square feet
of office spaces. What is the peak parking load expected to be at this

facility?

* Note:
Parking Load = Parking Generation
i all 25 & daluall | 3 jsia (ailSa (e )5S i€l 128 g il (e sSa Shae

Office—Office Building 2.84 1.000 sq ft P=251X + 27 0.91 173
(Wkdy) GFA

the average peak parking occupancy is 2.84 per thousand square feet Jarall aladiuls

of building area, or in this case: 2.84*25=71 parking spaces. ¢ )
P=2.51X+27=(2.51*25)+27= 90 spaces  Alsiaall ahtiicsdy 25000 .

1000



This presents a significant range to the engineer (71-90 parking spaces
needed). Thus, this guideline can provide some insight into parking

needs, it is important to do localized studies of parking generation to
augment national norms

Lo qalad) B 0585 S Qe 3 (S 71 Jleind g 1 Adapesy laaSle, LSYI LY 90 s

oY Waa ol Allate JS15 (ol gall e s O Aald VAl s Gl o 6l a) ol b Jaady
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Handicapped spaces

in any parking facility, handicapped spaces must be provided by laws. Such
standards affect both the number of spaces that must be required and their
location.
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The Institute of Transportation Engineers recommends the following
minimum standards for provision of handicapped spaces:

ALY (500 paladV) J oSlel b gl AU Ll yuleally JE) dige dg2a s

— Office-0.02 spaces per 1000 sq-ft of GFA

— Bank-1-2 spaces per bank

— Retail (<500,000 sqg-ft GFA) - 0.075 spaces per 1000 sq-ft
— Retail (>= 500,000 sq-ft GFA) - 0.060 spaces per 1000 sq-ft

In all cases, there is an effective minimum of ONE handicapped space

J8) i dagiill cilS AV 853 0a 9o Al OV el Uiyl dlla 8 7 dage ddaa Dl
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Parking studies and characteristics ) 48 ga ailad g bl o

A number of characteristics of parkers and parking have a significant
influence on planning.

JEA Jue e | Tl Jo € il Lo ) il ) Gl e (aibad (e das Sllia
L @l g alag) Lile iz g dand e dbde (A (las Ay

Critical to parking supply needs are the: kel § AdalS Jualdil) b JAai
— duration,
— accumulation, and

— proximity requirements of parkers.
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If parking capacity is thoughtof in terms of “space-hours”, then vehicles
parked for a longer duration consume more of that capacity than vehicles
parked for only short period.

288 gial) S el b ¢ ") al) el Cua e <l jlad) o g da & Sl K5 1)
Lah 5 8 5 il 488 gial) il all (e Aad) Al e ST llgias J ghaf Bl

* Space Hours = Spaces * Hours
ST 688 @) gl ) Aalall ol axdl canl LS el LS

The goal is to provide enough parking spaces to accommodate the
maximum accumulation on a typical day.
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1. Proximity: how far will parkers walk?

The willingness of parkers to walk certain distances to (or from) their
destination to their car must be well understood because it will have a
significant influence over where parking capacity must be provided.

e Lagh aaind ddlsal) 028 (Y Lndial o liCas dBlace 8] & Lo 48 j2a clle Cany
c&gall 1aa ) A C88) sall (e dae pSTAd 808 o) i adll Sl Gl e

Under any condition, drivers tend to seek parking spaces as close as
possible to their destination.
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Even in cities of large population (1-2 million), 75% of drivers park within a
0.25 mile (400 m) of their final destination.

s e (s G e 775 ¢ (Ossle 2-1) 5 el AASL) ZESH il el L s
Al agign s 00 (Uie 400) U 0.25

Table 12.5 shows the distribution of walking distances between parking
places and final destinations in urban areas.
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Table 12.5: CBD Walking Distances to Parking Spaced

% Walking This
Distance Distance or Further
Feet Miles Mean Range
0 \ 100

250 0.05 10 60-80 | 50% of all drivers
R()() 0.10 A 40-60 | [park within 500 ft
750 0.14 35 25-45 | (160m)
1,000 0.19 21 17-37 of their destination
1,500 0.28 16 §-24
2,000 0.38 10 5-15
3,000 0.57 1 0-8
4,000 0.76 3 0-6
50004 | 095t | 0-2

(Source: Used with permission of Eno Foundation for Transpor-
tation, Weant, R., and Levinson, H., Parking, Westport CT, 1990,

Table 6-3, p. 98.)
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L CBD: Central Business District
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Figure 12.1 Average Walking Distance by Urbanized Area Population (Source: Used
with permission of Eno Foundation for Transportation, Weant, R., and Levinson, H.,
Parking, Westport CT, 1990, Fig. 6.5, p. 98.)
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The data in the table emphasize the need to place parking capacity in close
proximity to their destination(s) served.

4 )% LA‘“ Ol planal) 8 8 g A &= L.A‘ dalall L_Af— J saall L,,A 33 1) il <5
e cladll g 68 Al Aga sl (4

Even in an urban region of over 10 million population, the average walking
distance to a parking place approximately is 900 feet (274 m).
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Trip purpose and trip duration affect the walking distance:
sl dilise e As N saa g s ) e g ad) i
Short walking distance are sought when:

Ladic 28] e |5 3l dilie (e Caal) A
— shopping or trips where things must be carried
— For short term parking, to get a food order

— Drivers will not walk 10 minutes if they are going to be parked for 5
minutes
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2. Parking inventories () A 8) Gl ) el s o dalall Gl glaal) xas

Inventories include observations of the number of parking spaces and
their location, time restrictions on use of parking spaces, and the type of
parking facility ( e.g., on-street, off-street lot, off-street garage)

il e 4la 3l 2 g8l g ¢ ;3.._33.43 &\Jw\;uf@ OSkal aae e cilaadle 3 all Ll g8 Gt
Lad i Lilgs Cagigll & giaa ol Baasa Cilelul i asll Jlsh = sense S o) <l jland) Cagi g Sl
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€ 3adaia 3 o ()9S g Jirde (lSa A (& oS o) i gal) J dala llin
To facilitate the recording of parking locations, the study area is usually
mapped and pre-coded in a systematic fashion. Figure 12.2 illustrate a

simple coding system for blocks and block faces. Figure 12.3 illustrates the
field sheets that would be used by observers.
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Figure 12.2 Illustrative System for Parking Location Coding (Source: Used with
permission of Institute of Transportation Engineers, Box, P., and Oppenlander, J.,
Manual of Traffic Engineering Studies, 4th Edition, Washington DC, 1976, Figs. 10-1

and 10-2, p. 131.)
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Figure 12.3 A Parking Inventory Field Sheet (Source: Used with permission of Institute
of Transportation Engineers, Box, P., and Oppenlander, )., Manual of Traffic
Engineering Studies, 4th Edition, Washington DC, 1976, Fig. 10-3, p. 133.)
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Curb parking places are subdivided by parking restrictions and meter
duration limits

o, Y ol e i sall (S ¢ aniy i ) il | gl e (S5 Sl 5 i sl
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Curb lengths are used to estimate the number of available parking spaces
(when curb spaces are not clearly marked), using:

0555 Y Ladie ) Aaliall ¢l ) Cagy Slel aae il Caa I ) shal 20305045
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— Parallel parking: 23 ft/stall

— Angle parking: 12 ft/stall
- 90-degree parking: 9.5 ft/stall
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Parking inventory basically counts the number of spaces available during
some period of interest- often 8 to 11 hour business day.

Aels 11 Y 8 oo Wle 5S35 Asma 5558 DA Aaliall (SLaY) i Gy
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However, parking supply evaluations must take into account regulatory and
time restrictions on those spaces and the average parking duration for

the area.
ji@mj a8 1l = sanne Jia | 2 gall 130 & dpanail Dsa¥) el e 380 o caay
Ce S ) (g dan gie Liagl | 138 5 Jle Qe sl 3aal 7 sanse

Total parking supply can be measured in terms of how many vehicles
can be parked during the period of interest within the study area:
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dnNT
P=( D )*F

P= parking supply, vehs

N= no. of spaces of a given type and time restriction

Y Plae Cias ey gl Gl il laady Sixg ) 2 ¢ g e Cliiaall axe

T=time that N spaces of a given type and time restriction are available during
the stuay period, hrs
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dnNT
P=( D )*F

D= average parking duration during the study period, hrs/veh
M\J.ﬂ\ 5 )8 A L_ﬂJL...\.uJ\ L_QJSJO.JA.L:MJSA

F= insufficiency factor to account for turnover- values range from 0.85 to 0.95
and increases as average duration increases
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Example:

A 12-hour study of an area revealed that there were 450 spaces available for
the full 12 hours, 280 spaces available for 6 hours, 150 spaces available for 7
hours, and 100 spaces available for 5 hours.

The average parking duration in the area was 1.4 hours.
Insufficiency factor=0.90

Pz(EnNT)*F D=14
1 F =0.90
Parking supplyis computed as:

A Bl Chias JS g Cldiadll (ha E‘)j Ay )| gl s, o) o sl Gl

450 % 12) + (280 * 6) + (150 * 7) + (100 * 5
P—([( ¥12)+ LR8O )14( ¥ % )])*0.9=5548veh5

This means that 5548 vehicles could be parked in the study area over 12-hour
period of the study.

It does not mean that 5548 vehicles could be parked at the same time,
A Al e Aol 12 Jlda e Al all dihaie 84S e 5548 Cila) oSy sl w128
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3. Accumulation and duration
Parking accumulation is defined as the total number of vehicles parked at

any given time. ;

Many parking studies seek to establish the distribution of parking
accumulation over time to determine the peak parking accumulation and
when it occurs.

3083 8 5y oSS ) gl 58 it ) il sal) il 53y el aas
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Total accumulation in an urban area is strongly related to the urbanized area
population, figure 12.4
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Figure 12.4 Parking Accumulationin Urbanized Areas by Population (Source: Used
with permission of Eno Foundationfor Transportation, Weant, R., and Levinson, H.,
Parking, Westport CT, 1990, Fig. 6.8, p. 100.)
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Parking duration is the length of time that individual vehicles remain parked.
It is a distribution of individual values, and both the distribution and the
average value are of great interest.
asti o a5 Ladie 5 aal g lSa 8 488 gia 40 5l LS pall Lead Jlai Al die 3l saall a7 ol jland) Cagdg 30
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Parking duration is related to the size of the urban area, with the average
duration increasing with the urban area population, figure 12.5
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Average duration also varies considerably with trip purpose, as indicated in
Table 12.6.
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Figure 12.5 Parking Duration Versus Urbanized Area Population (Source: Used with
permission of Eno Foundation for Transportation, Weant, R., and Levinson, H., Parking,

Westport CT, 1990, Fig. 6.4, p. 97.)
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Table 12.6: Average Urban Parking Durations by Trip
Purpose

Trip Purpose
Work
Employee 5h, 59m
All
Personal Business 2h, 6m Ih, Sm
Sales/Employment 2h, 14m 3h, 32m
Business
Service 2h, 9m
Recreational 2h, 18m Ih, 29m
Shopping Ih, 57m 4h, 17m
Other 3h, 12m
All Purposes 4h,20m | Ih,4Im
(Average)

(Source: Used with permission of Eno Foundation for Transpor-
tation, Weant, R., and Levinson, H., Parking, Westport CT, 1990,
Table 6-2, p. 97.)

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall
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Table 12.6 shows that durations vary widely form location to location. Thus,
local studies of both parking duration and parking accumulation are

important elements of an overall approach to the planning and operation of
parking facilities.
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Analysis of data from field sheets:

1. Accumulation totals: sum of columns=total accumulation within time

period on each route aa i Chgs 1 daly diada
2. Duration distribution: examining each line of field sheet, classifying OsSiu | @aY Ady jall s3]
vehicles as parked for one interval, or two, etc... ded 0S5 ST Al DI

3. Violations: no. of vehicles illegally parked.



Figure 12.6 A License-Plate Parking Survey Sheet (Source: Used with permission of
Institute of Transportation Engineers, Box, P., and Oppenlander, )., Manual of Traffic
Engineering Studies, 4th Edition, Washington DC, 1976, Fig. 10-6, p. 140.)

City

LICENSE PLATE CHECK FIELD DATA SHEET

Date10_MAY 1978

Street

WRIGHT

Codes: 000 last three digits of license number. V/ for repeat number from prior circuit _ for emply space

between

51|‘I

Recorded by JONES

and

Side of Street W
6t|'l

Space and Time circuit begins
Regulation | 7 15739 08 0839 09 10939 10 [107% 11 [113%2%
Slh
X-WALK =]
NPHC -1 =-1-
| HR M 713] V' |AK
"M 631| v [(/D971
"M 5121342| v/ 1019
DRIVEWAY - | =-1=-| -
; - | - 613
| HR M - | - M8l v
" M 1171220/ v/ 1989
" M - 148096 | v/
FIRE HYD - -1-
| HR M 042| - 16| V/
N PHC - |- |- [774
X-WALK =S ez ] =
61h
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LICENSE PLATE CHECK FIELD DATA SHEET

City Date]0 MAY 1978 Recorded by JONES _ ige of street W
Street WRIGHT between 5" and 6lh
Codes: 000 last three digits of license number, / for repeat number from prior circuit __ for empty space
Space and Time circuit begins
Resuion | g7 079 08 08| 09 joo*) 10 10*] 11 fa*p2%
S!h
XWALK |- [~ |~
NPHC = ]
I[HRM |- [7131V MK
"M 631 v G971
"M 512342 v 019
DRIVEWAY -|=-]-=
n - 1=~ 613
I[HRM - |- M8V
"M 117]220] V' [989
"M - 114809 | v/
MREMYD |=1=]=]=
IHRM  [042| - R16] v
N PHC = | =1 = |5
X-WALK = |=]=]-=
6Ih
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LICENSE PLATE CHECK FIELD DATA SHEET

City Date]0_ MAY 1978 Recorded by JONES _ ige of street _W.
Street WRIGHT between 5" and 6th
Codes: 000 last three digits of license number. / for repeat number from prior circuit _ for empty space
Space and Time circuit begins
Reslion 1 g7 77 08 08 09 po*10 0% 11 12
Slh
XWALK [~ 1=~
NPHC |- T-1-
[HRM |- 713V K
M 631V [@Der
"M 1512342] v/ 019
DRIVEWAY |- [- |- |-
AT
|HRM___ |- | - W18V
"M 117,220 vV 1989
"M - (148096 | V/
PRERID | ===~
[HRM 1042 - R16| V/
NPHC |- |-[-1I14
AWALK [~ =]~ ]~
6Ih

DRIVEWAY::
ot B ge sa 5 ) S JAde Y lin Cagisll g sias
O, Leani A8 je Laa g o)) 5 allaa
FIRE HYD:
Bl odie (a8 (5} Sl 43 Ui (o gl & sias
058 e @l gn g Y] Callda Lo g ol
PENERE.VY



The most commonly used technique for observing duration and
accumulation characteristics of curb parking and surface parking lots is
recording of license plate numbers of parked vehicles.
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* Curb Parking : On — street Parking

* Surface Parking : Lots

At regular intervals from 10 to 30 minutes, an observer walks a particular
route and records the license plate numbers of vehicles occupying each
parking space. Figure 12.6
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Observers are expected to observe up to 60 spaces every 15 minutes.
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Table 12.7: Summary and Computations from a Typical Parking Survey Field Sheet

Pkg Time v u . . "o
Space | 8:00] 8:30 | 9:00 | 9:30 |10:00 [ 10:30 | 11:00 | 11:30 | 12:00 | 12:30 | 1:00 | 1:30 | 2:00 | 2:30 | 3:00 M‘ dﬁm - d‘}“m Y- CJM

| « | = |48 4 ) | = |W6]| = B8] & | =~ | = |200 | 4 ,

2| 470 380 | - | - [412 {307 | - [900 | |, \ \ /= om0

3 = |3 | 4 . /| 400 | ! 5 - | 666 | - |85 |99 | - A 1 s ,; 9 mu\ ac ol A M‘M\
4 175 \ \ 500 v 222 = - @ v v \ \ v — -

s a| = | = w0 | | v e m| -] -|-]]-]- el 7 b Gl Y 2 4c Ll
ydimgt | - [l | SNs | = [ & B = | - TS allls | = [V

e | - | - |484 | 4 |99 | - |81 | $ | 158 | 4 J |68 | | . — LEAMJ paall a8 9
Ihe | 301 - | - [ 525 | | 1696 | ¢ |42 - [29 | Il o= ] 892 .

e | - |65 |85 | ¢ | ¢ |78 ¢ s |- la |y |y |- s Tg:duration of the study period, h

Ihe | 406 - | 442 | 781 | 882 | | \ g e - (e | ¢ 1= [ | -

4 | = | = (18 9 (a8 | S 8@ & O st | = | |

2hr | - | 509 | | . = | 708 [ g /| 688 | | |69 | - =) 807 L

%he | - | - |24 | ¢y [ y |y |29 - |48 ¢y ||y || V]|, Intervel 42330 g_i\).\sj\
2-hr | 101 \ d - | 531 | ¢ - |90 [ | \ g | 628 | ui J - =

2-hr 3 | 4 ; J |28 | ¢ | 72l sl |l : \ 1cli-
Accum.| 6 | 7 | 12 | 13 |1 |12 | 1310 |1 |10 |12|1n|1n|8 |09

*All data for Block Face 61: timed spaces indicate parking meter limits;

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

= same vehicle parked in space.
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Table 12.7: Summary and Computations from a Typical Parking Survey Field Sheet

&l

Pkg Time
Space | 8:00] 8:30 | 9:00 | 9:30 |10:00 | 10:30 | 11:00 | 11:30 | 12:00 | 12:30 | 1:00 | 1:30 | 2:00 | 2:30 | 3:00
I - | - | 86l y ! - | 136 | - | 140 | - - | 201 ? ?
2 470 | | 380 | - - | 412 [ 307 | - [900 [ | ! Y . - | 070
3 - | 211 d \ d 400 \ . - - | 666 | - 855 | 999 -
4 175 J 500 ¢ |22 | - - @ ! d \ \ J -
5 333 - - | 380 [ J |40 ¢ |707 | - - - B - -
hydrant | - - - - - - - 42TK| - E - - - - -
lhe | - | - [484 | ¥ [ 909 | - |81 | |, J | 88 | 4 /| 685 | ~
[-hr | 301| - - | 525 | J | 696 [ | | 422 | - |29 [ | d - | 892
I-hr - | 675 | 895 | J (703 | | | 819 | - | 40! g J | 288 | - | 412
I-hr | 406| - | 442 | 781 | 882 | d gl | = (@l A | - | = | &
I-hr - - 115 y 618 \ 818 Y d 906 d - - | 893 y
2he | - | 509 | . = |98 | 4 g J |68 | | |69 | - - | 807
2he | - | - [214 | \ J (200 | - (248 y [797 | , \ \ [
2hr | 101] | \ d - | 831 [ ¢ - | 940 | | . J | 628 | § d
2-hr 32 | «4 y J | 251 J |72 =" B3| § 4 ! - -
Accum. | 6 | 7 12 | 13 | 11 12 (13 |10 [ 11 10 [ 12 | 11 11 8 9

*All data for Block Face 61

: timed spaces indicate parking meter limits: |/ = same vehicle parked in space.
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Table 12.7: Summary and Computations from a Typical Parking Survey Field Sheet

Pkg" Time
Space 11:00 | 11:30 | 12:00 | 12:30 | 1:00 | 1:30 | 2:00 | 2:30 | 3:00
1 - | 140 | | - -~ | 288 | g g
2 - 900 1 : : E
: ey - ) - )
4 - @ v v v \ v F
hydrant - - - - - - -
I-hr J J 158 d d 685 4 -
I-hr : - 299 " g - M
|-hr J = | 401 | \ - 42)
I-hr : @ - 903 | | - - -
|-hr J d 906 g - - 893 d
2-hr = | 508 | ) - | 705 | ) J | 688 | @ > = | 80n
ke | = | = |214 | | \ \ = || ¢ |99 TS \ ; \
2-hr | 101 | | g J - | 531 7 - | 940 | d J | &8 | i d
2-hr - | 392 J ! g 251 Y @ - 835 ; J ? - -
Accum. | 6 7 12 13 11 12 13 10 11 10 12 11 11 8 9

*All data for Block Face 61; timed spaces indicate parking meter limits: |/ = same vehicle parked in space.

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

e CwlBAS 5 28
Caa 30l Calihial!
aclu



Table 12.7: Summary and Computations from a Typical Parking Survey Field Sheet

Pkg’ Time
Space | 8:00| 8:30 | 9:00 | 9:30 | 10:00 | 10:30 | 11:00 | 11:30 | 12:00 | 12:30 | 1:00 | 1:30 | 2:00 | 2:30 | 3:00
1 - - 861 J J - 136 - 140 J - - 201 J v
2 470 | 380 - - 412 | 307 - 900 J J J J - 070
3 - | 211 J V J 400 J V - - 666 - 855 | 999 -
4 175 V V 500 v 222 = = V v v v v -
3 3331 - - 380 J J 420 J 707 - - - - - -
hydrant | - - - - - - - [242TK| - - - - B - -
I-hr - - |48 | ¥ [909 | - [811 J J 158 /| J | 68 | ¢ -
I-hr | 301 | - - 525 N J 696 J 422 - 299 J J - 892
I-hr - | 675 | 895 J J 703 J 819 - 401 J J 288 - 412
I-hr | 406 | - 442 | 781 | 882 V J J 4 - 903 N - - -
I-hr - - 115 J 618 J 818 J J 906 J - - 893 V
2-hr - | 509 J V - 705 J J V 688 J 696 - - 807
2-hr - - 214 J J J 209 - 248 J 797 J J J Y
2-hr or| J V - 531 J - 940 J J J 628 J V
2-hr - | 392 J v J 251 J 772 - 835 J J J - -
Accum. | 6 7 12 13 11 12 13 10 11 10 12 11 11 8 9

*All data for Block Face 61: timed spaces indicate parking meter limits
Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

.

: | = same vehicle parked in space.
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Table 12.8 (continued) Summary Data for an Entire Study Area Parking Survey

J bad) Jsaall o)l e Lild
No. of vehicleiin block 61 which were parked for one duration of time 138 Jaadl Lia . 61 Sl gLl

Block Number of Intervals Parked L“S'uﬁ ‘...5 \ M‘JJ\ M‘L"‘A ‘.j"&

\
Face No. \ 1 2 3 4 5 6 181 é}h | 61 djj-‘uﬁ
> R I B R > Rihdins

180 24 15 12 10 3

181 35 17 11 9 ) 2
Total 875 490 308 275 143 28

(b) Summarizing Field Sheets for Duration Distribution

Total vehicles parked= 875+490+308+275+143+28=2119

e 33 5a gall LS yall & sema | B sl s Al Cigll 84k Jlegn o5 Jsaal) 1o
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Table 12.7: Summary and Computations from a Typical Parking Survey Field Sheet

Pkg’ Time
Space | 8:00| 8:30 | 9:00 | 9:30 | 10:00 | 10:30 [ 11:00 [ 11:30 [ 12:00 | 12:30 | 1:00 | 1:30 | 2:00 | 2:30 | 3:00
I | - ee | g | 4| -Qsely- |1a0] y |-|- 2]y |«
2 | 470] 380 | - | - |412([302 ) - |o00| y |y | v | v |- |00
3 [ =dau | ¢y |y |y a7 Vy | =|- 66| - [855]99]| -
¢ Lus|/y | g s gy |22 =]-&l y ||| ]|y]|-
5 333] * -~ | 486 | N ‘ 20 | 707 | - = = e . =
hydrant - - - - - -1 22TK| - - - - - - -
ihe | - | - [asa | v oo | —(land | ¢ Luss| v | ¢ less | v | -
lhe ([ 301] - | - | 525 | Jless |y a2 | - |29 | | \ ~ | 892
l-he | = | 675 | 895 | J 1703/ )se| - [401 | | J | 288 | - | 412
1-he [|406|) - | 442 [ 781 [882 | ¢ Iy [4a | - |93 | gy | - | - | -
I-hr = - |us| y |68 | ¢y (BEVY J | 906 | | - 2 |33 | §
2he | - | 509 | j - | 705{4— : ) less | v |69 | - | - | 807
ohe f—— =] 214 | | \ e’ - |28 y |797 | \ \ \
2ne || 101 \ ; - |l - | %40 | | \ J || 4 ,
o | - (3m | v | ¢ | ¢ |B(TSA@) SO IR RAROE
Accum. | 7 |2 || |2 1310 |n|w0|n2|n|n|s]o

*All data for Blgek Face 61: timed spaces indicate parking meter limits: |/ = same vehicle parked in space.

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

Accumulation totals: sum of columns=total accumulation within time
period on each route
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Table 12.8 Summary Data for an Entire Study Area Parking Survey
Max. accumulation=1410at 11:00 AM

Table 12.8: Summary Data for an Entire Study Area Parking Survey

Which represents use of (1410/1500)*100=94% of
available spaces

Block Accumulatiqn for It€rval (1,500 Total Stalls)
No. 8:00 | 8:30 | 9:00 | 9:30 | 10:00 | 10:30 [{11:00 | 11:30 | 12:00 | 12:30 | 1:00 | 1:30 | 2:00 | 2:30 | 3:00
61 6 7 12 13 11 12 13 10 11 10 12 11 11 S 9
62 5 0| 15| 14 16 18 17 15 15 10 9 9 7 7 | 8
180 8 13 13 18 14 15 15 11 14 16 10 9 9 6
I81 5 18 16 12 14 13 11 11 10 | 10 10 6 6 1 5
Total 806 | 900 | 1106 | 1285 | 1311 1300 1410 1309 1183 1002 920 | 935 | 970 | 726 | 694

1410

— Xk

1500

Max Accumulation

(a) Summarizing Field Sheets for Accumulation Totals

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

100 = 94% of available spaces
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Table 12.8 (continued) Summary Data for an Entire Study Area Parking Survey

No. of vehicleiin block 61 which were parked for one duration of time

Block )1 Number of Intervals Parked
Face No. \ 1 2 3 4 5 6
61 < 28 ) 17 14 9 2 ( | >
62 32 19 20 ¢ | y
180 24 15 12 10 3 0
181 35 17 11 9 4 2
Total 875 490 308 275 143 28

Total vehicles parked= 875+490+308+275+143+28=2119

875 :

(b) Summarizing Field Sheets for Duration Distribution
Inc. publishing as Prentice Hall

Copynght © 2011 Pearson Education,

N,: no. of vehicles parked for x intervals
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The average parking duration is computed as:

D :Zx(Nx*X*I)

Nt
D: average parking duration, h/veh
. : 30

N,: no. of vehicles parked for x intervals —=0.5
X: no. of intervals parked / 60

l: length of the observation interval, h

N+ total number of parked vehicles observed > Selad) D) 8 Ll a3

5 (875 1%0.5)+ (490« 2% 0.5) + (308« 3 * 0.5) +
B (275%4%0.5) + (143 5% 0.5) + (28 x6 % 0.5) — 112 fveh

2119



The parkers turnover rate TR, indicates the no. of parkers that, on average,
use a parking stall over a period of one hour. It is computed as:

TR: parking turnover rate, veh/stall/h
N T N, total no. of parked vehicles observed

B PS * TS Pg: total no. of legal parking stalls
Ts: duration of the study period, h

\

TR

3 dsladl J) 8 4slid) (a

The turnover rate is:

o 2119 _Ozoveh .
1500 x7 stall/




For off-street facilities, the count is performed for the number of entering
and departing vehicles recorded by 15 min. intervals

Accumulation is computed as the difference between departing and entering
vehicles

Duration distribution is estimated by recording the license plates of entering
and |leaving vehicles

Jealol) (il (Baboad) avanall) pud



Design aspects of parking facilities

« Off- street parking facilities are provided as surface lots or parking garages




Air Transportation Skl Gk ce Jull | salall 3 paY) L)

Aircraft Characteristics:

1. Weight: affects the design of pavement thickness for
runways, taxi ways, and aprons.
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2. Size: the aircraft length, width & height affect the size of
airport facilities (widths of runway and taxiway, parking
areas, hangers and maintenance sheds, turning radii, ...).

z ol (e ) Maall (88 e ada e Leeld )l g g je 53 il Jgla g 1 8 ,ilall ana
(sl Ul Gl 5 ¢ Ailpall U ¢l ] Gl a g ¢ yaall

3. Capacity: passenger & cargo capacity affect the design of
ground services (terminal size, baggage handling facilities,
departure lounges, gate positions, ...).

sl s IS Gl G i SN aae s A gaall dals (e <l Lkl A ja zhacd
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4. Range: affect the frequency of operations.
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Definitions

Runway: is a defined rectangular area on a land
aerodrome prepared for the landing and takeoff of aircraft.
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Taxiway:isa path on
an airport connecting runways with ramps, hangars, terminals and
other facilities.

U8 @zl Ll g Al z sss 7ot o le s, zosell o daii s
A ) ) Jead S aSUN aadtli 8 il e Jg 6l die | &l yilall Ca g

RUNWAY

REL locatea 2 1t
from runway centerline

lights
=)

RELs spaced equidistant
N tlaxiway segment

RELs are spaced 2 it

from the taxiway
centerline. REL located on
runway longitudinally
aligned with taxiway
centarline.

NOTE: REL beam coverage is
described in AC 150/5345-468,
Specification for Runway and Taxiway
Light Fixtures, Table 1, Photometric
Requirements for In-pavement Lights
Type L-852S

Ls highty visible t
traffic on taxiwa




Airport Apron: is the area of
an airport where aircraft are parked, unloaded or Ioaded
refueled, or boarded. | |
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Airport Planning and Layout
Airport Demand Depends on:

1. Population and their density
2. Economic character

3. Proximity to other airports
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Demand is referred to as annual passenger flow
that is corrected to monthly, daily, peak day, and
finally peak hour flow

UJJ‘ dels Lad s 550 asy 5 05t , SIS, (55

Example:

Peak hour flow=

0.0917 x 1.26 x 0.03226 x 0.084117 x annual flow ) iS A1 (§ ot ()1 £ gua gall 120

_dalal) oda UA
- 0.0917 = Peak hour
- 1.26 = Peak day
- 0.03226 = daily el clalaa o AL

- 0.08417 = monthly



Selection of Airport Site
FAA Procedures: => » FAA:Federal Aviation Agency

 CAA:Civil Aviation Agency
QJJY\&Q\M\@JA\y%jM&JU@M\ Q\):\H\Z\:\.JA

) Desk study of area (plans, wind direction, costs,...)
Il)  Physical inspections (alternative sites)

lIl) Evaluation and recommendations according to 10
criteria:
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Evaluation and recommendations Criteria:

1. Convenience to users (center of most cities)
2. Availability of land and its cost

Sl (many S e sa da el () seddiig Co g Gl (aldBY) J a0k s da gV Adaddl
s Al Al | Uaall e Cpasdieal) GalAEY) a0d] o e 4 | Al sall 8 D 1) g Al
A IS a6 4V €Y L) Alle eyl A Ja g § Y Al el Liny 48lS .Y Ja
5 Clalise J (58 Cogun DY) Y dad ) ol )l 2y o | laall olad
3. Design and layout of the airport (orientation)
4. Airspace obstruction (other airports, towers,...)
5. Engineering factors (level topography)
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™

Social and environmental factors (noise)
Availability of utilities (water, electricity)
Atmospheric conditions (fog, snow)
o Uaall (Y € A0S0 e da g Ja § jUaall fpe Ay 8 de 2 e JB 1 Adwdlid) Adaddl)
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)y | laall Gy el 3l 38 Glal) (may by e 4ol oS5 Claal) S 5 450

Ll
9. Hazard of birds ’
10. Coordination with other airports

Gt & paall b i o s 3l S a8 i WY | sadall (ol jud 3 dalil) 4da83H)
Gl laall a5 lgra GGaatill 3 3 pdilad) Adalll) | 3 jilkall alasinl & dadludl aae 5 &l e
, tae Ly a8 ge Juadl HUAT S iagd ) sell sy | Calida (5 sa Jlae JA Ladie (5 AY)




Runway Orientation e Crosswind :

Aircraft may not maneuver safely on a runway when du3 galad) 48 jall
the wind contains a large component at right angle
to the direction of travel (crosswind)

Crosswind speed component should be < certain
value according to the type of aircraft expected to
use the airport

FAA standards: 95% of the time crosswind should be
less than the max allowable
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The Wind Rose

The appropriate orientation of the runway or runways at an
airport can be determined through graphical vector analysis
using a wind rose.

Sl b el jadl ol zaall sladf asad S0 Lealadtly o i3 Ay Hall ola
Y Lennia ¢ Ao g ddavw 48y yla 8

A standard wind rose consists of a series of concentric circles
cut by radial lines using polar coordinate graph paper.




The radial lines are drawn to the scale of the wind magnitude
such that the area between each pair of successive lines is
centered on the wind direction.
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/_\ b The wind comes from the
NNW N NNE : :
‘E. \ southeast (SE) with a magnitude
/NW, \NE between 20 and 25 mi/h.
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d Primary Runway
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JExample :

As an example, assume that the wind data for all conditions of

visibility are those shown in Table 6-4. This wind data is

plotted to scale as indicated above to obtain a wind rose, as
shown in Fig. 6-8.

Wind Speed Range, mi_h
Sector Axzimuth Percentage of Time Total
N 0.0 24 | oa o1 | o0 29
NNE 22 5 3.0 12 | 20 | os s.7
NE a4s_0 5.3 1.6 1.0 o.a 823
ENE 67.5 &8 3.1 1.7 o.1 112 7
[ = . o@0.0 7.1 [ 2.3 . 1.9 [ 0.2 11 5
| EsE 112.5 .4 35 1.9 o.1 11 9
sSE 135 0 s 8 1.9 1.1 o.0 88
| sse 157.5 3.8 1.0 o1 | oo a9
= 12800 1.8 O.4 O.1 o0 2.3
SSW 202.5 1.7 o8 L - o.3 3.2
Sw 225.0 1.5 o.6 o.2 0.0 2.3
wWSW 247.5 2.7 o.a o.1 0.0 3.2
w 270.0 a9 o.a o.1 0.0 s.a
WINW 292.5 3.8 0.6 o.2 0.0 a6
NW 315.0 5, 0.6 o.2 0.0 2.5
NNV 337.5 1.7 0.9 o.1 0.0 2.7
Subtotal 60.4 19.7 10.2 1.6 21.9
Calms ' ’ 8.1
Total 100.0
meejisigisiely g fEsismAsiESilC)El0) AN Aeran K V= | Ry T S OT 1N {OESH OIS IS

Tasre 6-3

Example Wind Data




Wind Speed Range, mi/h
— 4-15 | 15-20 | 20-25 | 25-35

Sector Azimuth Percentage of Time Total
N 00 | 24 | o4 | o1 [00 | 29
| NNE 22.5 3.0 1.2 10 | 05 5.7
NE 45.0 5.3 1.6 10 | 04 8.3
ENE 67.5 6.8 31 1.7 | 01 11.7
IC 90.0 7.4 2.3 19 |02 11.5
| EsE 112.5 64 | 35 19 | 01 11.9
SE 135.0 5.8 1.9 11 | 0.0 8.8
SSE 157.5 3.8 1.0 01 | 00 4.9
s 180.0 1.8 0.4 01 | 00 2.3
SSW 202.5 1.7 0.8 0.4 | 0.3 3.2
SW 225.0 1.5 0.6 02 | 0.0 2.3
WSW 247.5 2.7 0.4 01 | 00 3.2
W 270.0 4.9 0.4 01 | 0.0 5.4
WNW 292.5 3.8 0.6 02 | 00 4.6
NW 315.0 1.7 0.6 02 | 00 2.5
NNW 337.5 1.7 0.9 01 | 0.0 2.7
Subtotal 604 | 197 | 102 | 16 91.9
Calms | ' | 8.1
Total 100.0

Taswe 6-4 Example Wind Data

sl s Jsall J layia il oamy
4_.35 L?Jﬁ\ JJA\JJ\) o‘;ﬁ}[\ 4_“13 J}ALC
o) e s i S5 A3

<

& sanall 5o AV 3 saxll 5 Lt

8.1 = Calms
S5y A ZL



Wind Speed Range, mi/h
e | 415 | 15-20 | 20-25 | 25-35

Sector | Azimuth Percentage of Time Total

N 0.0 24 | 04 | 01 |00 29 M 2 4 4+0.4+0.14+40=2.9
NNE 225 | 30 | 12 | 10 |05 5.7

NE 450 | 53 | 16 | 10 |04 8.3

ENE 675 | 68 | 31 | 17 |01 11.7

E 90 | 71 | 23 | 19 |02 115

ESE 1125 | 64 | 35 | 19 |01 11.9

SE 1350 | 58 | 19 | 11 |00 88

SSE 1575 | 38 | 10 | 01 |00 49

s 1800 | 18 | 04 | 01 |00 2.3

SSW 2025 | 17 | 08 | 04 |03 32

SW 2250 | 15 | 06 | 02 |00 2.3

WSW 2475 | 27 | 04 | 01 |00 3.2

w 2700 | 49 | 04 | 01 |00 5.4

WNW 2025 | 38 | 06 | 02 |00 46

NW 3150 | 17 | 06 | 02 |00 25

NNW 3375 | 17 | 09 | 01 |00 2.7 sMe ) ald | a2

Subtotal 604 | 197 |102 |16 | 919 / . PN € 92
Calms 81
Tota 00 +——+ 91.9 +8.1 = 100

Taswe 6-4 Example Wind Data Fraisaige wiin jras varsion of Weaiarrreindy, Full varsiarn dasse’t aut inks ez
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Ficure 6-8 Wind data in wind rose format.



Wind Speed Range, mi/h

Trus 4-15 15-20 20-25 25-35
Sector Azimuth Percentage of Time Total
0.0 2.4 0.4 0.1 0.0 2.9

Ficure 6-8 Wind data in wind rose forma{.
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30° to 210°
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90° to 270°
90.8%

» Additional wind coverage = 5.8%

» Primary Runway orientation
» Wind coverage for primary

\\\

» Total wind coverage for both = 90.8+5.8
96.6%>95% (Fig. 6.13)
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Fig. 6.13 Wind coverage for risiwgia /iy had G4zt

> Crosswind runway orientation = 30° to 210°
> Runway designation = 3-21
> Wind coverage = 84.8 %

> Additional wind coverage = 5.8%

> Primary Runway orientation =90° to 270"
> Wind coverage for primary =90.8%

> Total wind coverage for both = 90.8+5.8 =
96.6%>95% (Fig. 6.13)



Objects Affecting

Navigable Airspace

- Obstacles should be removed or clearly
marked

- FAAregulation define imaginary surfaces
free of objects hazardous to air navigation
(Fig 16.5)
S8y S jeal (5l ¢ g iy Jie el 5 JS a5l )3 0l el cilimeall
Al e 3l X8

,(&JF\&LDJP)AJAUAJY\U’JQDJP}AQ"_\M.J)MJCJLMLJJM
oAl J 4l AaBlall [ jad (6 ) e Al 0685 ) g

A3 yra 2 i Ay sall dadlall e 8 ) alea) Goamy cllia o)) dag il Gaica (e
gl s g Y Alls 8 iegn 138 5 liimall (e 43lE e ) )l (e 305 sall e YY)




SUBPART C - OBSTRUCTION STANDARDS

§ 77.23(a)(2) = An object would be on obstruction
to air navigation if of greater height thon 200 feet
obove ground ot the site, or above the estoblished
airport elevation, whichever is higher -

(a) within 3 nautical miles of the established
reference point of an airport with its longest
runway more than 3,200 feet in actual length, and
(b) thot height increases in proportion of

100 feet for each odditional nautical mile from

the airport reference point up to o maximum of 500 feet,

Note: Heliports excluded

§77. 23(a)(2) - NEAR AIRPORTS

INautical Miles
centered on ARP

Aimport Reference
Point (ARP)

Controlling
Surface

Estoblished Airport Elevation
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Figure 16-5 Obstruction standards in the vicinity of airfseiiz {le
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SUBPART C = OBSTRUCTION STANDARDS

§ 77.23(a)(2) = An object would be on obstruction
to air navigation if of greater height than 200 feet
obove ground ot the site, or above the estoblished
airport elevation, whichever is higher -

(a) within 3 nautical miles of the established
reference point of an airport with its longest
runway more than 3,200 feet in actual length, and
(b) that height increoses in proportion of

100 feet for each additional nautical mile from

the airport reference point up to o maximum of 500 feet,

Note: Heliports excluded

§77. 3(a)(2) - NEAR AIRPORTS
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§77. B(a)(2) - NEAR AIRPORTS

1 — Ground Level or
SUBPART C - OBSTRU.CTION STANDARDS : i . .
Bt o s e e 0 ool Wil 2 — Established Airport Elevation

above ground o the site, or above the estoblished Sarvored on AN
airport elevation, whichever is higher = |
(a) within 3 nautical miles of the established
reference point of an airport with its longest
runway more thon 3,200 feet in octual length, and
(b) that height increases in proportion of , Aimport Reference
100 feet for each additional nautical mile from

o~ s s . s ", £ .
the airport reference point up to o maximum of 500 feet, Point (ARP) 4:\.&.&)‘ e‘ uajy ‘ GL“ y UA.'.‘S" - UA
Note: Heliports excluded Conrolling v % i | b . ?
| Surface bmJ‘ AY‘ L)A L)-H:\SJ M J ‘

Estoblished Airport Elevation

B i Ly 3 3 ! I*i*—l-)—l
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Figure 16-5 Obstruction standards in the vicinity of airports. (Sotze Elezictel AtiniinEapsusion, Fain e B3zl . 7
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