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CHAPTER 1. INTRODUC § sy

Transportation:

Transportation is the movement of entities covering ome aeographical space. Movermen: :
includes people’s movement between urban activities {c.g. work, schoni, shapning, recresting = *
or goods movement from producers to consumers

1. Engineering:

) Application of science and mathematics for the optimum conversion of resources of nature o e
use of mankind is called Engineering.

"Transportation Engineering:
The application of scientific principles, -tools, technology for planning, design, operauon and
. m f facilities related to various modes of transportation (road, air, rail, and ropeway}in
order- to provide safe, rapid, comfortable, convenient, economic_and environmenial compztible
movement of pCOplC and goods.
Transportatxon engineering encompasses various fields of transportation such .as: Hlan\wv
. Engineering, Ropeway Engineering, Airways Engineering, Railway Engineering, etc and consists

sevetral scopes as: Transportation Planning, Geometric Design, Pavement Design, Traffic
Engineering and many more. It not only deals about traffic. geometric_design. we alsd covers
~various ts of civil engineering as well .as general science, and mathematics, which can be

illustrated by the following figure_ Thus transportation engineering covers a multidisciplinary area
of study and is regarded as  a comparatively new profession that has acquired theoretical
underpmmngs methodologmal tools and a vast area of public and private involvement.

-
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T e . “Interdisciplinary Breadth of Transportation Englneenng 4

g 2 &
Social § Planningand %.§ Civil Math and Physical
scie:\‘ce_s‘ & architecture “g engineering .statistics sciences

~ Traffic engineering
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uanspor.tatlon
planning

Involvement

Geometric _ Soil mechanics \
design : pavement design

Breadth of Transportation Engineering

4

Planning: \
Ir?,_-,Simpl_e words. f looking ahead a ing a course of action t 1 L
_called Planning. Plapning is defined as the future driented activity which guides a sj tion or a

- syStem toward-a desired direction:i.e. toward the attamment of positive goals- and / or avoxdance of
probiems involving evaluation, assessment, analysis, etc.

I other way, Planmng can be detined as a_process of creati e e

a : , and ako®
think ing about the activities required to ach;v E
“nthe des:red goai. It is said that * /e
- Work the Plan . Le. first we need t6 eiab i gt “Ple fhe, We eale

d on its goal, ob;ec(wﬁwf
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- acavities, and then the elaborated idea need to be traced on papet and then ‘Ut must be plement 13

on real field. The o ; . : = yvide systematic and neutral informatiog
: ‘ e ks | toc provide S¥ :

’g\k . p_urpose of p[a_mn;lg T('.\O.LS_ 13 p

decic: ~Maker to make appropriate decisio

sC1slons and not plans: - K

.

ag the warld maves into the:ruture ana%

ortplannine: : KRR E SRS DO !
. s - - . : o . . é a ¥
~Tpe'l_°“g°mg'process f developing and maintaining_a tran n system for the safe ajq :
: :

fficient movement of

200ds and people is calle S ion Planning. It is a cyclical process™
which “deals with 'sa

: fe and efficient operation of transportation modes; planning _for _tﬁltl;re |
~~quirement or improvement & also about technical & sconomi ect 0 ation system. [
Involves the. yse

of mathematical models to predict the impact of various alternatives policies f”
long term development of transportation system. It is concerned with short & long term

development of transportation system and supporting policies such as: : S S
~To identit{‘lgee(_iﬂsm& problems _ ) R A
~ To maximize benefits while reducing costs and adverse effects. T B
~ Developing alternatives, evaluating them, and selecting tR¢ best one. ‘

" Trans

Types of Transportation Planning;
(a) Short Term Planning and Medium Term Planning
"s Planning for short period (5+10 years or less.)
3 * Comparatively less complex and mainly
R optimal operation from existing facilities.
Small problems that can be solved quickly, with a small
infrastructure improvements such as: congesti
developments; resurfacing, etc. - :
(b) Long Term or Comprehensive or Strategic Planning: -
* Planning for period of greater than 10 year
¢ Planning requires extensive resources and financial i
economic, social and natural environments. Large
staging i.e. state highways; subways and Light Rail
services. e,
" Transportation planning must be scen as an integral part
making. All decisions involve the evaluation of alt
the most highly valued feasible alternative. -

concerns with obtaining maximum capacity ox g

. investment and minox

on at intersections; turning lanes for

nvestment & has great impac on
Infrastructure changes, comylex
Systems; sewers and munidpal

part of a much-wider process of deciior .
cmative images of the future and the selectiop of

Transportation Svstem:

System %,gmup of ..'m_dcp;:ndqﬂ;and.imm%¢ggmmg@ _that form a complex and unifed
whale imMended to--serve some purpose through the performance of its | : :

. S SRR oo Minteidl] i Rt o ntel—'achng pirts .
ransportalion sysiem consists of MCLE\AEIEUCS. flow eatities a?amimrsm;gmﬁ%
people and goods to overcome the friction of geographical space efficiently in order ‘aﬁaﬂicip—u« in
- 3 - . e 4 e tis B
timely manner in some desired activity. 8

It consists of three components: a3

(a) Fixed Facilitics: Physical component of system that ar

- network ol Tink and nodes,

(b} Flow entities: Unit that traverse the Tixed facilities such as vehicles.
acceleration and deceleratior capacity of vehizle are coreidercd

e fixed in space and contributethe |

“The dimension, weiht |

@

g
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facility) anc Tow Control ( Y f%¢io e mcutar Cantent
g7 - LR L A ot . SITINC ey . i
4 & smooth opetalion of schywis

conflicts between them 1.e. by '
. €. DYy use of s1on, 1 Aevgv o ot
an, marking, eicj

a Land Use and Transportation Planning:

[ntevaction betwee

Land use means the spatial distributi
ution or_geo hic: '
yhical ity: :
: ‘smb _ g g‘mmm ;Wc.m;. gesidential arsas,
1d_u. 1e-spa - for governmental, inst tient )
is a measure of the scale of 50ciocmnom§2 ?-ua\.
of land use is its ability o penerac

industry,'commercial ar
and recreational purposcs. Land-use potential
— = on_a given area of land. A unique property

4

traffic.
Naturally there 1s 2 direct interaction between the type and intensity of land use and the supply of
- ) 7y C:' o

transportation facilities provided. The connection between nd use i
- . - . li a
1 t in transportation. Everything that happens (0 land_use has transportation

. fundamepta
. _1mplicat and ever .tFans‘portation action affects land use” Actions by transportation agen:ies
hape land use by- viding infrastructure to improve accessibility and mobility. This increases (F2
d leads to more intensive land use. Land ﬁg_\gglgpmem generates travel, and travel
d_for new facilities, which in_tum i _pecesstbility and attracts furtier
1 jon system is to ensure that therz 1S

dev nt.

The primagy/quectives of planning any. land-use a ortat
ty and t tion capability. [f the land uses of a dty
des the linkige

ce between [and-use activi
is known, it is poss! [c to estimate the traffic generated. T
nd travel as depicted in the above cycle.

between land use an el as d
WAt =
Changed
Land-use
Increased _ Increaseq
land value trip generation

- Greé(er traffic
Increased

. an efficient balan

—

Accessibility

‘Added Transport
facilities

o Transport Cycle

) Fig. 1.1 Land-us _
ises H'QLN._iSSﬁLLGSJSJQJng_LQHgﬁ”—me act on transportator)
i 1 : s forms a closed loop. Like most other equilibruml

, . Lang use 2 /S : o0p- : q
z‘f}iirt;v;e?;:‘seslaii L ' i tually stabilizes. A coordinated approachto
ystemns, iz === lelds man benefits to communifies: land_planners. ca_g‘__b_e'ier
ible, are likely to become artractive ox

trj:_grggporrfziiion and land planning. Y™ 1
antici pate which areas viously inaccessible oL less accessLo
T rtation project- . IRy A

| development duc (0.2 AP

tion Plannill

- -,'Sco < of Transporta and Transportati
marized int0 following points

teristics ok
il contiol syster)

i . Thescopecan be sum
4 System charac

.o Systerm compornent Ly, ’Flnwentity &

. (Fixed fact
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ttps://civinnovate.com/civil-engineering-notes/

Scanned by CamScanner



T objectives - .

-

% 3
R e d i e ey o o T

. oA’

- ) Y — [Local razds)
= Svstem hierarchy: (Expressway — arterial = Distribptor =~
o ‘,’. Systeln pul-pOSe S 2 v e cost

g X ’ ' Sk S . acceptable cost.

’ '®  Mobility: Travel to destination within rc:asonabie_ time an.d l ac[ilvit)’ of an individuz
-~ * Accessibility: Accomplishment of some economic or sacial 2 -4
= System performance: Level of service, speed, frequency, etc jority need to be given g
% System capacity: Person flow or vehicle flow per hour._nghesli pretwork) 7 .
-lmprove the efficiency/capacity of bottleneck (weakest link of the nes A

,‘. ‘.
e A ndvaial G

- %+ System impact : :
~* Natural system impact: terrestrial & aquatic ecology  ~
- * Physical impact: air, noise & water pollution, vibratio
- consumption, erosion and sedimentation | Pa e unit hesion
® Social & cultural impact: displacement of people & Wi,[d'hab..lt.a.t’ community coutg 2
© resource consumption, land use, aesthetics, accessibility of facilities, employme_nt,_ L
Demand analysis: Prediction of vehicular and goods flow, pedestrian flow. l -
Supply analysis: Characterized in terms of the performance of the transportation system (eg.
travel times, headways, and capacities), impacts and associated costs. S .
- System evaluation: Continuous monitoring and determination -of alternatives. and Iheg
- desirability over other based on various criteria. s SRR
-4 Decision making: Evaluation leads to decision.

n during construction, energs

)
o

UJ
‘0

Sk Y

0 -
0.0~

o

d The philosophy of the long term planning: _ e

> . Value: the underlying basic' qualities 'upon -which the ethics, morals and preferences g
societies, groups and individuals-are based. : M ' e
"Goal: the idealized desired end at which the planning process is aimed. '
Objectives: measurable operational statements of individual goals , :
Criteria: indices of measurement capable of defining the degree to which and objective o1
goal has been attained. )

s
3

VVYv

Rational System Approach of Transportation Planning , v o
Transportation problems are very complex (system consisting of sub systems) as they \are;'?:
interrelated as well as dependent on various other discipline. ‘There are"'va_rious' approaches o:f?if
transportation planning, among them the most basic and common type is RationaL‘Sy\étSLn Appfoach?

of Transportation Planning, in which the decision making process consisis of: 0L i
e System analysis: a clear evaluation of the combinations ‘of al] elemeﬁts retated ‘to the
problem, and strategies needed for the achievement of an objective, , ;

« System engineering: organizing and scheduling the complex strategies for problem SOlﬁtlQn:j
wWoccdurcs for effecting alternate solutions, = \“

The procedure adopted in rational system approach planning is Summafizgd in the following points:
1. Identification and formulation of the problem. 2 it e
2. Establish goal and objective as per community values and needs :
3. Establish criteria for design and cvaluatiog ' e
4. Design of all possible alternatives that may help in achievement of established goal

5. Collect relevant data required for cvaluation for each acd every defined alternative. i
6. Test and evaluate the aiternct:ive in tenns cof esicbiished Criteria (mostly cost A
cffectiveness) : ‘
[ : Heemant Tiwari
£jrage ’
htfps://ci\)inr:ovét’e;com/civiI—engineering—notes/
Scanned by CamScanner



7. Question objective and assumption. If 4t 15 not satisticd ve negd

altemative or even we need 1o refine the ohjective

8. If evaluation is satisfactory e best evaluated altemative 1« cypmesied o plan

maker for proper implementation.

b AT

The planning process doesn’t ends here. proper monitoring for the implemented action is requitecd
for planning in the nearest future. The above process can be summarized into following chan

Ilnvesliga!e and idenufy the problerml

[
:

[ Develop problem statement J<-—---—-

i

h 4

Establish goals and objectives}

v

lEjabﬁsh criteria for de'sign and evaluation |-

J

l

[Dééigri alternative actibn'sjl‘

4

| Collect relevant data I :

! . _
evaliiatd alternative actions in

- “terms of effectiveness and costs

Y
|+ Question objectves and assurptions |

Establish new objectives and
assumptions and add altematives| .

'Sﬁg':dle:;fiaf:')fbfé‘ﬁﬁélé action'and decision

Figure: System Approach of Transpoﬁatiori Planning Process

Urban Transport Planning Process

The urban transportation planning proces

(a) First regional population and economic grth is- foréc
(b) Allocation of the land uses aﬁd socio-economic
according to land availability, local zoning,
(c) Generation of alternative transportation plan

given metropolitan area.

s can be summarized into following points:

and related public policies. ‘
s based on the results of step (a) & (b)

(d) Calculation of the capital and maintenance costs of each alternative plan. -

(e) Application of calibrated demand forecasting models to predict

flows expected to use each alternative, pr

- Step-‘bi&-charagctet‘iﬁtics of the transportation altemative<c’. . . ...

(f) Conversion of equilibrium flows to direct user benef
travel cost attributable to the proposed plan.

selection of the best alternatives based on estimatad 'c‘o'.;t‘ms:,f;_ 5

“g)

Comparative evaluation &
benefits.. -

asted for the targeted year for he

-

projections to individual analysis zowres

the targeted year equilibrivra -

ovided land-use & socio-economic projectionof

o

<
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Ut regony UDES ons |

- l o P |
g ‘ ‘ 3 7 Lﬁ ‘
. : . Specficaton of castrated vavfi
highway altematives gemand ::rf:u.m
mode!s

X e i Resulung target year
E sumation of capital usage levels and USE

‘ | end stiocanone O ;
]

2and operating costs penefi
) . ‘ Comparative
evaluation of
alternatives

Project selection and = .
implemantation

- Figure: Urban Transportation Planning Process -

-~ . Rational Decision Making Process for Planning, Design and [lecmenfgtlQn.:

. -

o+ Data Collection " |

B s L & .rConstruciAnély_tij_:{alz"’"'m

[Ee_neraie Solutions Forec’aé;tihgﬂ

e e —( Test-Modéls

: g - : i

Evaluate'soly +3

1

E |

o
R AR T e v B o ol L P AT
- ° %

Mo&gls: 7 ' : i3

Models are a a : i . b
S & ; e part of reality. Their function is ive insiol
co'mplex mte.rrelauonshlps i the real world and to enable statements about w:l:tglve HSIghts ol
will happen if changes* occur or puf in thet (pert of) reality. Models are problenfrzﬁzt P_"Ob_ab.‘ygii
_ s viewpoin,
6|Page ER i U A : 4
. . : . Hemant Tiwasi
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becific. Models are the major tools adopted bv enat
A N - —e—— " p——
vstem of concern. PR . Mooels

it

——

bl_-nysical g

LAS iilustrated__in the above cha_rt, the modél can be in eit
(a) Physical or Mathematical Model ( Physigal mo

- distorted scale whereas Mathematical model emplo
~system_and its behavior, i.e. .it shows a mathematical relation between

independent variables) R
- (b) Static or Dynamic Model ( Static Mo

model incorporated the change with time) - ' ! . -
(c) Analytic or Numeric Model (N umeric model just provide us with the numeric solution of the
existing problem whereas analytical model : -if calculati i.e. expected

effects on output for varying condition of inputs.)
Mathematical Abstract model are the major conCem'o_ﬁt:anspo:tation_mginﬁéLand-planaer—as.ihese

models attempt to replicate the system of interest and its behavior by means of mathematical
cquation based on certain theoretically established framework.

l‘ .

E Dynam<T i

Static

i Numenc
tos - e
her of the following form:

del are represented in physical form wih
v mathematical equation to representa
dependent and

del represent the structure of system whereas Dynamic

Si@qlation'technique is the latest development in modeling process specially iﬁ .ﬁeld of traffic
engineering, where the model is represented dynamically by a_complex ‘pi'dg'ra?ﬁg_t%at oh e

nforration_about System heing -investigated Jhaving certain constraints and input. In other words
iftiulation is defined as creating the waorking analogy of real life problems in uter based
nodel. Various Software used in simulation techniques are Synchro, Highwav%me

HCS), Transcad, Vissim, etc. .

\d\;antages & Disadvantage.s of Simulation Techniques
‘1. Cheaper than field experience. Powerful tool fi mpari ‘
o xperienee. | or comparing the consequence of var_ious
2. Help to prepare the analytical model.
< R Lt_:ss time consuming ;

: tsl High initial cost of purchase. LB '
- 6 -ng:z’wrcqlcnt of highly technical persdn-to‘pé’rform'rhe fask e
, r may o i i » i o - e

7 y occur while representing the real life problem through a small model.

-3

/- It can be employed to check certain analytical solution” -~ -

: . Memuant '3
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- Model Developmg Process

- three
‘Model (Mathematlcal model) developing process can be summanzed in major

bteps in Simulation:
Problem definition. de! formulation
Field studies to determine Inputs required loraoee:
‘Development of logic
Calibration model
Development of computer simulation program.
* Validating the model
Running of simulation

\ld\u'hbjzx)—-

steps which age

as follows:
(a) Model.Speciﬁcat-ion
- (b) Maodel Calibration
= (€). Model Validation

(a) Model Spemﬁcatlon
All the independent variables are postulated and the mterdependency between them is

analyzed i.e. Analysis of identification of dependent-and independent variables (Tnps

depend on HH size and Income level)
Identification of functional form: whether the relatlonslup is linear or complex one between’

dependent and independent variables. 3
Identification of process by which the numerical values of the. parameters of a postulated

~ model are determined. y . s
Identification of Statistical methods, no. of samples requn'ed for analysis, “efc.
Choice is made -among various mathematical formulation and model is postulated wluch

might get modlﬁed during calibration process.

: (b) Model Calibration (model Estlmatlon) » -5
e It refers the procedure that are used to adjust the values of model .parameter to make them:
consistent with observation (data collected) 4 - _ “

i iy Numerical values associated with various mdependent varlables and constant of the,w
- postulated model are determined. ,'
e The functional form" with large goodness of fit (i.e. R? value) 1S con51dered to be the bcs;,,

.:

. model.
e Adjusted R? value is considered while to check whether the addmon of extra mdependent
vanable has the positive/negative impact on outcome. i 1

(¢) Model Validation
& [t refers to the testing of calibrated model using data other than those used to caltbrate th; :
.model. and, check .them with. field results and.:if, the_ .optcome..of .the - model. is - within
penmssxble range then the model ;s properly calibrated else further modification i 154
necessary. :

o
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lassical Four Step Modeling Process:

be  traditicnal four step madeling piocess
pecially  targg 10 urban tra '"E.,)!m_:l_’m,:“"
anning process has four majoi steps as
. own in adjacent figure. Before lhe lirst stage
ned we need 10 collect information
parding social-ecconomical and system
v aracteristics (as Nodes and Links). Then the
sur steps ~modeling are conducted ' in
quential order as Generation, distribution,
hodal split and assignment model. Though
metime Model split model is used prior to
istribution model based on its characteristics.

OIe/Importance of Models:

he role of models can be summarized in the fo

¥
-
-
-
1

Trip Genealoon WModd

Trip Oistrbasimn W og o

Modgal Spit Model

batation

'
Treffic Roule
Assignment hMaodel

, &
s Uamandp ?‘Sﬁ o
G

llowing points:

g i . TS o7
1. Models provides decision makes the idea about the solution of existing problems (Policy

- such as making some zone as Pedestrian only zone or Converting two way road to one way

road, speed limit at certain section)

> Transportation models are used to design transport facilities such as the required road

“Capacity, design of environmentally frie

ndly road alignments, design of footpath, design of

intersection, signal timing design at intersection, etc. L

3. Models helps in development of various plan, policies and anal ze them
4. Models are also used for planning of new isting i

-(gives-the conclusion that widening of
effectively). '

road is-required-to-accommodate the-present-flew .=

5. Mfgglﬁﬁre'used to quantify the expected impacts of proposed various alternative plans

- “necessity of supply measures: (design.
Tacilities, etc) '

the services given, and also indicate to

‘users. : L ,
8. Land use model provi i bou

. .can.he

in_better utilization of available capacity: (It can assis

. ; olve existing or expecte lems. (To reduce the delay
| “and conflict at intersection grade separated intersection). : ;

- 6. Traffic. models. are “used_ to—forecast—or_predict_design_year traffic volume, vehicle "
composition, O-D-matrix,.patking demand, accident statistics, etc, which-in-turn helps in

of road network, footpath, bicycle lane, parking

7. Models can help.in designing the networks of public transport lines, optimum location ‘of
bus stops, distance of stop from intersection and can also help in caleulatiné the patronage of

what extent new or improved services attract car

iven locelity. Models
t in deSigning traffic

and use pattern i e

" o¢cur. Planning dnd'design of special tar
.. may be facilitated by advanced traffic

. -lights-and. ramp. metering facilities o conirol Traffic- flows chlheuechgngestibh will

get group- facilities such as carpoo! dnd truck lages

roads (where, when, and how

e s e — - e itk
low models. The planning of mainténance ot the

G A S o a - = -
is another 1ssiie“where models oan assist in decision making

that minimizes costs and tro
. 9. Models can indicate th

ubles-(time [0sses) *o tne road users. \

ns of transportation

lanning/actions for spatial chances.

.~ duch model apphcations are important
LR R SR el g :

(<]
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ACts ¥ 3".,}1{152.".:_". &3 N ',:;,‘;
g apmRACES W - ‘i S
| enploymient, 0P (s '
; . / a0 AL LS spporl POULY Can gy
consistent with projections of PP } uence @ good public transputt ¥ i f,;,¢
o 5 i 15 ok uEs %
road network on spatial developmeitis. i p :
. ¢ the g CIICS. adequacy 0! Dresan
to counteract further urbanization o Manning (10 check 2ded 5 -
m‘sﬂfjrl ation pi reduce deny and, evaluate varigy

10. Demand mode! helps in urban 11 1 bl caken 10
transportation network, measures that ne¢

) . e
improvement alternatives and sclect the best on¢)

Aggregate and Disaggregate Modeling an average over 2 group representing ghg
enting

Model can be developed for data item repres he behavior of more than gne ‘
behavior of a smgle individual. When the model odels. But when the model at bags
individual say in a group, such models are called aggregate nl‘1 odelling is called disaggregase
attempts to represent the behaviour of individuals then suc dml called Disaggregate MOdchng |
modeling. If the model is prepared using HH size, then the moO ;' [ called Aggregate modellng.
, whereas when the model is prepared using populatior_l, then the mode

aims at rcpresLnung t

Transportation Network: v
Transportation -network consists of major

I .
two elements namely: nggg_s_}iqtem and Netwaorking

lled Traffic

4 t
,The dwrsron@f study area into small number of unit so as (0 make ou ;

(TAZ)—Zones are represented by single %ﬁgmd M: Aty

d. on it. It is lmked to network through cen répresenting§

m._for trlps WJtM

The fol[owmg are a list of zoning criteria, whlch must be kept in mind-while dividing the study arcaA
ning criteria, WAtch M e e

into_pusmher of zones: T
» Zones size must be such that the aggre ation .error caused by assumptton _tnga al[

' activities are concentrated at ceniroid is not too large.
> mmpatrble with ofher admrms‘thItT\E g!wsmns as census-zones

ur_xgtlon_‘ _

> Zone boundaries should be com_p fible wit lines and previous i
system, but should not match major roads. Natur 1 rriers such as_river:
aient zone boundarres «’

> .Zanes should have | land use, populati_on'vv

eous characte 1 tlcs es ecrally i

> "Zones should preferably have regular e ctrio form for easy determination of the
" . centroid connector:; e .

_ - » Zones need_not to be of same size. They coul tai imension in travel ti—me,
units i.e. smaller zones in congested areas and larger zones in uncongested areas. ‘

: , o ‘ 7 T— ==
Transportation Network is the computerized description of the system —censisting. of node
(intersection) and links (homogeneous stretches of road between nodes) Links are CharACtenzed b

several aftributes such as: length, speed, number of lanes and so on. Each node is specified by

- numerlcal code and each link is describe d nodes. Zonal ?ntrords are cormected to nod
of the modeled ne 2y one or more links. Each link in the network can beEft—ached a ﬁrngfrdn '

etiel ‘JCiasSmecor ifig to the degreé it serves a-flow oraccess purpose for the'trips on ‘the link. """ ™

- Forexample, nodes that lie exclusively on arterial streets mav be denotedl bv NG van
d C O N mM e 3 :7
codes (say, between 100 and 1000) Whereas. nodes that lie on higher type facilities mav be éodel

with nuﬁMther range {sav ’r at
treater thar. 1000). Thus a link ‘conaectin: S
i3 cleariy-a—ségment ot an aricriz! sicet, octing nodes 323

10 173”-“5 s

-

';v-n-

. .uea.,m 1213 is 2 segmant of frees
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\Moreover, links 729-1432 and 1198-888 represent an on ramp {12 connecting artenial to 2 frecway
bnd an off ramp (i.e. connecting a freeway 10 an arterial) )
 onnection ol dumniy nodes to cenwra links
kentoidal link to intersections so as to ensure that the traffic flows on the centroidal connector

ot unrealistically load the intersections from non-existing approaches and thus adversely a
Subsequent level of service calculations.

gaested

1< St

rather then directly connecun
414

he following simple network: consists of five zonal centroids (i.e. nodes 1 to 5), six centroidal
iconnectors, nine street intersections (i.e. nodes 6 to 14), and 13 arterial street links. The numerical
values in parentheses correspond to the link impedances (which can be either time, distance or cost)
in the direction shown. This.network is normally described by the link array (table), each cell of

which represents a possible direct link between the row and column nodes.

[ [1]2]3[4]5[6|7|8]9]10] 1L 1213 14

11 4 5 5 8| 5

12 2 /i S T e

13

14 3 54 J

i A nurmerical entry in 4 cell means that there is in fact such a link, the cell value beipg_, say thelmks : ’

. performance. The dimensions of the link array may be increased to-include other litik dttributes as

t well such z free flow spcqg_,,_lg:ngt_h,.and__cgpgqi_ty;u[_ra'vel analysis zonMw-sgLoﬁ .

: imagi ndnmw?crrcd to as zone centroids. Te dist@MMﬂMwmk
sicz] oodes at ths lewer runge o positive 1atesers - 0 7

§ o< thev a-e usually designated by nume
§ ~ ‘o i, 3 - e

i

3 : i Sl et ST s
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‘Organizational structure

Organization Chart of Ministry of Physi‘cal Planning and Works

Minister
[ state Minister |
; lAssistant Minister]
L Secretary-2 _J
,Ad";';'l: : [ water supgly Foreign Ald & Quallity |[Physical Planning ||Works Division| [Planning, Monltaring || Legal 4
on 1 ¥
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: : v . : _ 2.
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2. Roles and Responsibilities in the Planning
Stage

Introduction
The principal agencies involved in the planning stages of a project include

« National Planning Commission

« Ministry of Finance )

« The executing agency, normally a line ministry

« The implementing agency, normally a department within the line ministry
« District Development Committees and Village Development Committees.

The general relationship. between the different agencies in the planning stage is illusirated in
Figure 2.1.

2.2 National Planning Commission
NPChas a majbr involvement in the planning of projects as follows:
«  Prepares long-term development plans, strategies and visions. 3

. Prepar.es"medium-te'rm (five-year) development plan, policies and' strategies within the
. framework of the long-term plan and vision. K

e  Formulates d_e,velobment programmes and assists HMG/N in their implementation.

.. Provides' guidelines, advice and suggestions to sectoral ministries, departments, other

agencies and local-bodies and assists them in the formulation of plans and projects.

Explores internal and external resources as well as indigenous and foreign technology, and
" recommends suggestions to HMG/N to accelerate the pace of development.

« Reviews requests for new projects in respect of their conformance with the provisions and
priorities in the five-year. development plan and long-term plans (master plans) for the

concerned sector and provides its approval or rejection.

e Approves new programmes and project proposals submitted by the sectoral ministries._ In
this process, it ,gxamines whether or not the proposed programmes/projects comply with
the approved annual programmes and the government's existing policies and the five-year
development plan's objectives and targets. - - - e Bt -

e ' Sets objectives, policies and criteria for prioritising development projects and programmes.

e« Sends annual development budget ceilings approved by the Resource Committee to the
sectoral ministries and agencies along with development budget preparation guidelines and
forms for the formulation of the forthcoming fiscal year's development budget. .

« Sends district -development budget ceilings and guidelines to all the District Development
Committees for the preparation/formulation of the forthcoming fiscal year's district

programmes. - 7 o

. '° & . - - -
«  Carries out inter-ministerial co-ordination. - e R Bl D R

e Issues circulars to cbncerhed bodies to submit their development programmes and budgets

as per limits-and guidelines and within the specified time. _

« Can make alterations to development program,_mes' ard the bucgets o‘repa'r'od and.
sitmitted t6 MOF. ) s R ‘ ‘

e Issues gui-deﬁnes or directives, as necessary. on criteria for identficaton, screeningj.

feasivility studies, - and reporting on rew [rojects based on feedback from pasi PiOjECLS,

policy considerations and research L.

I3

© -

o PG Pand O-garsational Cirectives, Chapter 2 Roles and Rasponsibiliies « Planning Stage 4i3nu3ry
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2.3

« In consultation with NPC, fixes’ the develo

24

o N IR F TP 170 4T

« Tne Technical Audit Branch conduct

"« Reappraises . within the framework of national policy}- the project

" - deveopment The ministry shall-consider the+ foflowing:+ = « -

¢ o "efﬁ 1o ,_'_rhzcr‘. = S"G,E"
hncai audits 10 V= " mfni/r}vrnrt' ses iaid down in
5 techhits ~  faliowing =5

‘ pwD. f0 o
. : sne and e
has bliowed HMGIN rules, regulatc HIAGIN

the Technical Audit Manual as app_rov?d 5/

Ministry of Finance | -
105 | nning stage aré as follows: ,
budge
ment and regular _
; the sector agencies

MOFs role and responsibility in the pla ceilings for each line

while preparing their

ministry and prepares guidelines to be followed by

annual programmes and budipets: ssistance and individual projects

- g of a
«  Negotiates and approves the donor-aided PFOQTanlr‘;sant Srganisations.
in consultation with NPC, line ministries and other relevart TR S S ;
. : istratic atio

s Improves, updates and amends the Financal Administration Regu |
changes required for efficiency and effectiveness. _ . »
_ R the cabinet) to the

« Presents the regular and development - budgets (after the approval of , e ‘

parliament for discussion and approval.

e Evaluates whether or not the proposed projects are

within the capacity of the proposing
ministry based on the previous year's performance. -

s which have been
appraised and submitted by the line ministries.

+ Holds budget discussions with the jine ‘ministries and finalises annual budget amounts.

project-wise and budget-head-wise for inclusion in the budgetary document.

 Adjusts the budget depending on the resources available.

Executing Agency (Line Ministry)

Even though NPC and MOF are responsible for finalising the- long-term plans (5,15, 20 years),
the annual programme and the required budget provisions, the line ministry is responsible for -
the following activities in response to requests from departments.and other related agencies:

. nitiates project requests. =~
. Requesté budget provision for project'feas’ibilit9 studies.
« Requests annqal budgets for on-going and new projécts, \
° ﬁ‘\gproves district level annual pro;;rammes_' of projects alre::ldl _gppic\;\jed.,‘_\

May approve projects of an urgent nature 'hosting» lesshtﬁan NR milli ; '
e AL s 1. ;
of the reasons why due processes of approval could not be followedj]- > million; droming NEC

« Provides data for ensuring quality, quantity and overall robustness of projects

e Scrutinize the budget estimate and programme to -check whether it is withi : '
conforms to periodic plans and is result oriented and finalizes i?_t gr ko within budge’_:tl limits,

241 Ero]ec! Identification in Five-Year Plan

i .
The ministry shall in line with the long-term develo

‘ _ ; pment strategy, sector polici isi

the government, generate a list of projects that generate income aFr)\d lc';?s\.,isgd;/iﬁnbt‘)f
g : L fiable

Development of sector master plans at central and local iEpals

« Feedback and subsequent revisions in the master plan .

roject requests through ccal bodie: iti ‘ v
i 3 g" ‘ecai bodiés and political representa:

P i , jons. -
= Existing pre-feasibility/feasibdity studies

« Prioriies in the masier plan and other plang

https://civinnovate.com/civil-engineering-notes/
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o e—

s | ‘Uniquaness ‘of the project in terms of urgent rehefl 2ary bzaeits, ‘funding avaiavisty
-environmental inputs-and sustainability, : i '

- The ministry shall submut to NPC the details of the following:

o O'n-goin'g projects; tf}eir costs, time for completion and their oriorities nﬁ t:errns‘o'f"net present

- value (NPV) and internal rate of return (IRR). o g .

.improyement of completed projects showing cbélts, tirhe; NPV and

e Ma’intgnéncé and
priorities. gy ‘
- NeW project$ w’ith'costs, time, NPV and priorities.
- P"rojects that ér_e no‘t.economica[ly viable but socially urgent with costs,lprviorities-, and: tirhe.
.' Détébase of‘i_dehtified 'projecté enlisting salient features of the project. '

«  Information dissemination.

o Feedback fof future ministry plans and programmes.
The electronic record shall be maintained for all the five-year and annual project .'e_quésts. ,
Computer disks and hard copy shall be sent to NPC. . '

2.4.2 Project Preparation .
The ministry shall ensure that the implementing agencies (e;g. departments) have sufficient
planning units, manpower and adequate planning tools to generate ad analyse the dat_a, and’

reports and to support NPC.

It provides a technical group or support to carry out detailed feasibility studies of the technical,
al, economic and financial aspects of the project and to carry out the necessary social

: institution
: . and environmental assessments.
)

division/district/project staff to develop the preliminary engineering design of the

It instructs
omponents costs, phasing, manner of execution,

project specifying its objective, location, size, C
schedule and expected results of the project.

2.4.3 Project Appraisal
in coliaboration with the MOF, the ministry carries out an appraisal of the project, reviewing all

the aspects of the project and if necessary modifies and remodels the project.

I

2 4.4 Project Funding
In collaboration with MOF and NPC, the ministry arranges for including the appraised project in

the fve-year plan development budget or identifying funding from foreign assistance.

2.4.5 Annual Budget Requests to NPC/MOF
The ministry ensures that the implementing agencies (departments) consider the following in

preparing and submitting their annual plans:
On-going projects included in the five-year plan along with their status in relation to the plan
penod targets.

, Feasibility and pre-feasibility studies of the project.

- Justieation for new projects not included in the five-year plan. ,
*  Aporaissl of projects for which fgasibility studies have already been carried out.

-

*

e Prormes with referance 15 the five year plan T

» P
“
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2.4.6 Annual Work Pro

Actual . work
Project by th

. I Is
aramme After Budget Approva ¢ pudget anproved far each -

: annua ‘
Programmes are prepared i detail within the ihe rmplementing 2zences

: A | that
i € parliament. Executing agencies should epsure
consider .the foﬂowing in preparing the annual work programme

-

y ' vork planned for the yea,
The programme shall reflect the total project work to date and the work p

and the timetable. .
specifications and design

The unit rates, time- for completion, procurement . proces gnificantly amcng

) iffer si
standards should match the expected levels of service and do not diffe
Similar projects, * . el T

. _ S : . . ctiveness g
Directives for annual plans are prepared so that uniformity. cost 2 "
efficiency are well addressed. .~ '

- Annual work program’mes-é’ré approved by the concerned ministry.

2.4.7  Project Implementation Plan

In " collaboration with the Miniétry c;f General Administratign and MOF, the ministry obtaing
sanction of staff establishment and their placement in the project.

In collaboration with FCGO, it arranges for accOunta’ht staff required for the project and their
placement in the project. ‘ ' : V

For' co-ordination and eliciting coopefation from all concerned, it may form a coordination

committee comprising representatives fr'om_'all departments and ministries which wil have an
involvement in the project, ' : : : :

2.4.8 InétitutlonalArrangement

Each ministry shall esfablish--a s.trong planning and monitoring division- 'with' a_d_éq'ljéte"
manpower, logistic support and appropriate incentive mechanisms. -

25 Imp'leménting Agency (Department)

2.5.1  Five-Year Development Plan Requests

The department's principal role and responsibility are;

e Develops criteria for review, analysis and prioritisation of projects requested from field
offices employing computer based techniques. - : '

"+ Estimates costs required for the selected projects

» Prepares a list of income growthbased and social needs
priority.

-based projects ard indicates their

2.5.2 Annual Plan and Work Programme Requests

The ministry shall ensure that the departments or other implementing agencies under it are
competent enough to maintain proper records in paper and el

. . ectronic form so that annual plans
are prepared and submitted to the executing agency in proper formats. Each department is
responsible for:

a

e ap®o PlOpares. a prioritised dist.of ,b,n,:gq_ingk.and;,_f.easi,bje_,ne‘,‘:,;,gmjez:tsv,w_imi,n the_current. five-year.:
plan. . |

PRSI iepares 2 list of on-going and new projects outside the five-year plan with detai!ed

justification for their jnclusion.

o
-~
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For each prOJec‘ based on the budg=t al ocaied 10 the
Detalls (red book): ‘

Fiscal Year Amountwise Expanditure
' . Prepares a tr:mester and annual work olan for each pro1ect

D) Ensures uniformity of standards and costs and the cost-effecliven.ess. c

2.5.3 Institutional Arrangement

Each department shall establish a strong planning division/unit wnth adequate manpower and
logistic supports. .
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Chapter 2 Urban and Regional Trmmportzuion Planning

Regional Planni
Regional planmng is a category of planning and development that deals with the effician

Jmmﬁmjﬂm&&mtles infrastructure, and settle owth a larper arp-

of land than an individual city or town. It is the planning for a geographic area, also caileg

.SEatial glggg;ng that transcends the boundaries of individual governmental units but thz;

ldres  common  social, _economic, political, cultural, and natural resources, and
ransy ortation characternstlcs It is the science of efficient placement of infrastructure angd

zoning for the ‘sustainable growth of a region, which includes addressing region-wide
environmental, social, and economic issues.

The key to regional planmng is anticipating the needs of a community or group of
communities needs arise. xperts in this field might try to predict how and
where the populatlon of a region is going to grow over the next decade and recommend the
building of roads and other infrastructure to support that growth before it happens.
Reglonal' planner, also called planning commissioners works with local governments and

urban planners withi eir planning zone to di h issuesas r ( nt,
2 ' _land use, community devélopment, long range planning, environmental planning, housmg,

~and economic development. Reglonalplanmng also deals with the improvement and
‘—_‘__—_'-——_\—_~

_conservation of the natural environment via effective and comprehensive utilization S
natural materials and technical (labor resources).

Regional planmng often walks a fine line between serving the needs of the community,
_gotectmg the ‘environment, and taking into account the rights of individual laM

nd owners
and community members. Commissioners should have sufficient knowledge in many areas,
mcludmg engineering; environment, transportation, soc:lology, legal aspects. and geography

—~

Thus, reglonal planr)_mg is orlented to the future w1tluhe_followmg_oh;£ctwes e

To mcr_easeihe economyiam of the cougt_[Las w,,las ofeach of its r,glons rapldly
° E’qmtabLed\;stnbutnon of resources and infrastructure among,chﬁferent _regions am

among groups within the same regions.
¢..7Tominimize the.gap. bemww developme

Theory of regional planning covers all of the following theories:

. Economlclocation theory (findi an activity at mini ost)

e Central place studies (source of gouds & services te the surrounding ar eas)

~- ok
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Theoqies,u‘iathvq_ig urballizatiOI'\. spatial integration.ofrural and urban areas

Theory of inter-regional migration, resource use & investment pattern

Economic location theory:

Objective: To find out the site for an activity corresponding to minimum cost

n changed from productio@ﬂo delivery cost and presently
hes answers for optimal location of

i The concept of cost has bee
to distance cost. Whﬂeteconomic location theory furnis

'if?E?é}it activities, optimally depends upon regional considerations. As regional planning

‘has got much to do with the spatial di ntiation_of human activities, a special link

: n the ' ing should be established.
‘The majdr problems associated with regional economies are:

a) Natural resource advantages |

b) Economies of constraints. |
¢) Cost of transport and communications

| The relative desirability of a location depends upbn
i)  Localinput: Supply of non-transferable resources at the location -

ii) Local demand: Demand for non—trqnsferable outputs at the location
iii) Transferable input: Supply of transferable inputs from outside sources to the

- location .
iv) Output demand: the net receipts obtainable from sales of transferable outputs to the

outside markets.

four types of location factors:

Central place Studies and Geography of Concentration:

ca;nljg,_extended Io»cgveﬁr-'thefspatialﬁ.dis'ﬁ-ruibI'ingr,_i,,oﬁhuman‘settleménts ie.

. Location theory
" location.of people. Center place is the source of goods and services to the surrounding area
- - i S — .

.W. [ts main purpose i¢.3 explain_size, number and distribufion_ of towns.
Besides the population, s'eveg:il_ta,CIQ/rs-contribute,toiheimwmﬂh&centcal place as:
- a) wgpplyaﬁgogds‘toﬁthgpqpplgtion of the surrounding area
b) Provision ofremrm_____m_e_n_i}@_ ' RO
c¢) Nodes or transportation  network
d) The provision of banking and commercial facilities
e) Educational and cultural facilities - :
_ f) Governmental and other adminisfrative facilities .~ . ..

—

. Urban planming or Town Planning or City Planning:

< d -

dénde'

. Urbarn 'pl‘anning,, is & technical and nolitical process concerned with the use of lan
. design of the urban environment, including air, water, and the infrastructure passing itito

—

- 2. Page s Hemant Tiwari’
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Ot ‘}(:"")-"33'!“:";. it s tha &
and out of urban areas such as transportation and dis ctribution ‘

, a very wide rangegf
integration of land use planning and transport planning, t0 explore 2 ¥ Beof

s and communit -
aspects of the bunlt and social environment of urbanized municipalities ties, = r

P dCSl n, pu :
covering research and analysis, strategic thinking, arch:lecturc,urbm gr. public & _

consultation, policy recommendations, implementation and manageff“e‘?t‘ Urb:n pl?’n“‘“g _
reemerged as a professional discipline during the latter part of the nmeteenl ceptiry. it
guides and ensures the orderly development of settlements and sateihte COmmunities
which commute into and out of urban areas or share resources with it.

In broadest terms, urban and regional planning is process by Wh‘Ch commumtles attempt. .
to control and/or design change-and developmen eir ph ments. Both -
concepts are covered in spafidl planning. Though both are related in category, they actually
have distinctive objectives. Urban planning focuses on shaping a city setting through -
effective land and ecosystem development and design. However, regional planning focuses
on development of larger areas. Thus, urban planning deals with small cities/community

- but in greater details, whereas regional planning deals with a larger envu‘onment but at -

‘ less detailed level. Urban planmng deals with the specific issues of city planning. -

Reglonal planners w1ll be- CWland or other valued resource -
deposits, seashores, lakeshores); the preservation of umque ;;
natural or historical features; transport facilities (such as pipelines or airports) and ¢
Wofcommumtles located throughout the region. If the region is orgamzed .
around a large city, the planners must also take account of the problems caused by the
city's expansmn and its impact upon the surrounding countryside and nearby towns too

sites (e.g.: fore

Urban Planners basically need to address two issues. First, thinking ahead to accom modated
the city’s growth - deciding Wthh lands should be built on and when, and for what purpose '
(residential development _ A gitER e or e fields i
1ssu/com;er.n& for those parts of the community that are already developed to mamtam
ilt environment at its’ ex1stmgW exam"‘ . 4
'{ﬁl’-‘nﬂgﬁ_ﬁmi&uwth consnderatlon [ERITAGE-CONSERVATION. .

Goods Movement Planning:

Planning ageﬁcies have devoted more attention to

I
passenger movement than they have to urban goods

passenger.. M
government

e i

Act!wty sy
petween two ©OF

3|Page AT : <

a

stem: Movement of persons and goods . &
more, points or posmons In space
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e lative to infrastructure. This can be conceived as a market for movement

Transport system: Movement of persons and goods via some of vehicles from one past s
to another. Each movement is transport service,

Traffic system: It is a physical movement and it is realized in space and time, assuming that

¥y b

people and goods move together with the means of transport along physical netwoth.

Problems associated with freight transport

e The interaction between commodity flows and the spatial arrangement of land uses.
* The general efficiency and economy of goods movement in urban areas.
e The environmental problems of noise and air pollution created by truck movements.
. The_provisfon for truck movement and loading in zones of concentrated land use
v such as the central business district.
o Phenomena influencing freight demand werwmnlex and inter dependent
thaiWcing passenger demand :

Why Freight demand prediction is too complex?

- o Decision by shippers carries_and_receiver affect choose of mode and route for
Decision by sSMIpPpPErs, t472 .

y
e gt

_particular shipment

« Different ty;yefs_gf_comrgg@ities making up the freight may have wide range of prices

e Freight movements are measured in various units such as monetary value, quantity,
Wﬁﬁhﬁ,barload, and tgggg_lgaii@n_débgn.

e’ 'qughffgw_mgqh harder to determine compared to the cost of

moving passenge{'s because_more ‘sgc‘acialized services are reql_lired for handling,

loadin oading, classifying, storing, packing, ware house etc.

)

Forecasting Freight Movement:

Forecasts of urban goods movement should include consideration of the following:

 Changing patterns of urban development and structure
e Locations of terminals and transfer points )
"« Landuse 'pa‘t'te‘rné’ CRRNE BIAET e s e, g Gl S g, 5 SRR A
e Changing economics and costs of the goods movement industry .
e Labor practices within the industry ’

-

« Potential technological innovaticns in goods movement 65, g

41Paze ' : : ; . Hemant rowari
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ey

_aeian on the movemeny oo
{ aid, and regulation o %

‘'« Effects of governmental policy. financial
goods
e Social and environmental considerations.
Following are the methods offorecastmg

owth Factor cal

A Growth Factors Method: Using historical volume data, an annu?;ff;’;;:;nfa;;;ﬁi;: |
~ “be- calculated and then used to determine future volumes e economic activig)
advanced version, freight traffic is assumed proportlonal to iomre o estnmau: :
Forecasting future freight traffic for specific CommOdmes thug K4 3

the growth of future economic activity.

——

into the 1 Urban_ TranSpo-g‘}
demand this approach is
-travel only usin ing frei ght

B. Regional Models: Incorporating goods movement
Modeling Approach is another way of estlmatmg freight-c

~ almost similar to four step modehng process for passenger

" trip data. B . -

[URBAN_GOODS MOVEMENTS |

A{ _E':X_T-E"F*“N- ] [~ nteRNAL _}————‘

—{ INTERINDUSTRY, CONSIGNMENTS j——1
. N

|—{ HOUSEHOLD=BASED CONSIGNMENTS j=- £

SPATIAL PATTERN OF GOOO MOVEMENTS
8Y COMMODITY TYPE
AND CONSIGNMENT SIZE

Dxfference between movement ofgoods and persons

1 Mode oftransport' i’relght transport and passenger transport
2. Operator: Mostly gover nment and,Private

-

- 3. Hierarchy of movement: e - , 4
Frexght transport raw material-factory- depots (stores)-retailer- nonsenolds consumerS

- % . ' { 4
e ; < : H nt TiwW 3
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| passenger transporl: Home based trips and non-home based trips

4. Route in passenger movement is selected based on time, cost, distance, whereas in

goods movement, selected by driver.
5. Expressed as Vehicle per hour or pedestrian per hour or passenger per hour per
direction in case of person movement, whereas expressed as kilogram or litre or

carton or ton per day.
Most often the timing of delivery can be changed in case of goods movement

transport, whereas it is almost fixed in case of passenger movement transport.

Non- motorized travel demand

: Anythmg that don't require any motoangme for thelr movemem;.a;e_&ecme.d_as_b_ml

motonzed travel (NMT). It mainly includes ¢ haw, They are most
: DEIZEC L ave L
] often ignored while designing any sorts of infrastructure- But at preseqt, cycle lane are

E constructed adequacy of footpath is also in question, thus we need to have idea about it.

The factors influencing non motorized travel demand is gwen in the chart below.

Network Charactenstlcs Suppomng poll
(e.g: Connectwnty) ) (eg ‘bicycle’pa -
:  — T
v v

- "Networkifiendliness |

-

Link Level Trip" .

Following approaches are used for 'estigaiiézion motorized travel demand.

D  eetimat 0 —

Comparative studies | Predict NMT demand by comparmg it to usage and to surroundmg

' opulation an istics of other si facilities
Tlggregate behavior | Relate NMT in an area to its local populatio d use and other

meth/od characteristics, usually through regressi is

Sketch _ plan | Predict NMT demand based on simple calculation and rules of
 |.methods. . =~ thumb about trip lengths, mode shares, and otffe?@el
Discrete =~ choice Predict an individual's trayvel decnslon based on charactcrlstlcs of
{."”__m__EdEIS - ]M1Mna.t~fc guailable tu.l.em usé ofutlhté' ggggggn : ;‘g
__*E_e'_gi":‘,{‘a" _}:’_”_g:__LAode!s that predict Luta: trips by trip purpose mode and 0-D and |
5‘_‘6|,Page o =y Hemant 11).,:3-‘.;
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jortation faciino—
models ;‘“’ ¢ Hilieg

) B T T Sy Tpep TSP Y

| distribute these U‘HJS across a network 0 15 populatic

' based on land use characteristics ',nfi: as popuiation apg
] , “n,, zr,m';mrtanr)n ﬁctwar

| employmentand on characlcnsuu ) — K

—

Hierarchical structure to transportation planning

Every system is a part of another system. A system hierarchy provides orders and functig,,.

to the operation of individual components in the contexts of global system gy b

Functionally, the transportation system is just one of many systems that allow areas
: _ exist. Relevant planning questions at each level in the hierarchy includes:

Global market

b

National economic
N ) system

i . ;
g [

Y

Urban system

Y . ]

Land use " Transportation Water supply ) Telecommunicati . b |

i on : »

. T "

Y .

Transt and . Non motorized ¥
railway network ; nghway;network network

Arterial Collector streets Local street

. How does the transportation system interrelate with these other
hvable commumty7 = T .

SYSfem- to provide,

e What is the cause and effect of relative mvestment in trans tatlon as co
other it infrastructure system as it relates to commun;y development"’

e What is the demand placed on transportation system b

9 L3 e gen y changes in the urbang:
system? M |

Urban systems however are just part of larger— ecologlcal community land use an
economic system. For these larger systems, hlerarch ;
a -—

_prospective are: ] : S ' ‘ N el
o a _ | | - ?
* What does the transport systg_"p a,i.@?ﬂites in an. urban System affect: Iarg

.. - economic and. env;ronments
7| Page
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: 5 i il achieve gasy A% b
What soals can be estabhsmd for transpovtation =5 ystem that v ‘ AL

offects at higher levels?
How 1s the cause- -effect re\ationshi

and other system’s performan

betwccn transportation system mm;r.»lg,..

ied as gets to higher

et it

levels of the hies .,srrn g7
DE

planning is dcfmed as the procgss of defining P problem
otentlal solutions and selecting praferred actions that
ansportation modes.

‘Multimodal transportatlon

. jdentifying alternatlves, evaluatin
5als in @ manneé udes all feasible tr

n area that provide
te'n.c,ﬂslsxs,;)f different modal
/commumcatxons network) which
termodal connections provide the

allows traveler to move from one
- ability to transfer from one modal network to another. In ‘addition, land use patterns ‘and
ure for roviding trransportation service affect the overall

 the nstltutlonal struct

' perfor

At its most fundamental level i sportation lanning reco nizes the fact that
Jorts sroblems facing 2 metropolitan area. A
deal with the complex naturé and

there is no lutlon to th

. coordinated program of actlo/,ts ueswto
eracti enon.

inter
Example: We have air transportation service at Kathmandu, near Gausala. Once 2

passenger_ get to the terminal building, he need to have access to other mode of
transportation. Initially, there were only taxis but’ nowadays we have Sajha Yatayat; ie.

road transgortatlon links with alr transgortatxon

-WW—‘E@
. Trafﬁc congestion ' i
J Lack of moblhty and accessibility: " . : -
. Dlsconnected transportation modes :
. lnchries

« Inadequate Capacity of the present road network.

- g

« Unreliable and unsystematic Public Transportation
. Unavailab;ht_.y of Parking space.

« Budgetary constraints { rs:pnstructlon of transportation facilities or upgrading
« Air, Noise Pollution A A R T

'W
- < ce is given to pedestrian and bicycle users.

https://civi a0 ' "
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v rjiae L1 rese
() Traffic congestion: This is almost unavoidable in the urban Gty due to ncreased 9r‘~gf

2 ——— s ¥igh 3 {I ] pe
demand and poor supply characteristics. The problem carn be solved either by capigaly base,

{
‘alternative (alternative route construction, w:dqgnng of roads) or adopting varig 15 TSy

(Transm_suppmmgw measures such as prnvmuﬂ.ﬂuhﬁh Occupancy W}M v
(HOV) lanes, carpooling, exclusive right of way for public transit services, ”-'d”f—’"':n
travel demand, Spreadmg the demand over time (having different working time "H' Privg,
and public organization such as: 9-4 for private & 10-5 for governmental Orgam?,aemn) 24
'space ( having separate location for different facilities such as: commercial El,afﬁs.m irg
locatlon educatlona[ organization in other area, governmental offices in other areas, andg,_,

on) T
| (b) Disconnected transportation modes: For better operation, there must be the [in}
‘between multiple modes, e.g. No public bus services inside airport to connect airways with

- roadway, but in recent days SAJHA YATAYAT has its starting point inside the airport.

_'~(C)' Increased crashes, injuries and fatalities: Poor road condition, inadequate sight
distance, speeding and overtaking and other various reason has contribute to increase in
“accident. For the betterment in safety condition, we need to improve roadway geometry,
* provide adequate sight distance, proper rules and regulation, driver training, mstallatlon of

_ traffic sngnal speed limits/ post warnings in problem areas and various lntelllgent
~ Transport System (ITS) (partially and fully automated vehicle control system, vehicle

. condition monitoring system, driver condition monitoring system, vehicle warning and
road view notification, automated emergency notification) can be used.

- - (d) Ucnr\lable,. Public .. Transportation: Due to unreliable and unsystematlc pubhc
transportation services, the private vehicle ownership has increased, thus again trlgger the
transportation problems. As a remedial. measures the proper upgrading of pu

transportation need ta be done either by adopting new Mass Transit Technologiés sucﬁ%s'
Bus Rapid T_ranslt (BRT), Metro system with proper scheduling and reliable operation.

i
F

(e) Parking Problem: On street parking need to be removed in the place where lt is
affectmty and multi storey building, parking garage should be considered the
feasible solution. Also “Park and Ride" solution must be implemented so as to reduce the-

parkmg demand on the core cnty '

Q

T'ransnortation survey .

o

Transportation survey helps ir: cellectior. of the required primary data associated w1th 0ur
: ob}ectives, related to planninc and des sign of transportatian facmtles First we need e

g f[pPage /. _ .  Hemant Tiw.-a_'.;
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| identify the study area (outline of our study), The styd
k. . | ] T PR wrea s
. line, which represents the bound

N ary of studying
| (Also called Screen lines) are also arran )

vey data obtained | ged as concentric rings s
- : . ACCUL ALY of v
| survey data obtained by household interview survey. Internal cordons ean b pos il
| . - > Ca [4d Whtnd '
. physical or natural barriers. If we are concern with ' can be located along

| _ the traffic flow oter indide o
. Ring Road then boundary of Ring Road can be con Farameter inside the

| sider as External cor ,
| ‘ : X don.
| types of possible movements as illustrated in above figure are:

defined b0
Ainnd Y i
Wil Uy RXLET a3l ¢«

and non-studying area. fntmer P
: ! ¢ YA rire

to check the

Then, four

(@) Internal to internal: Within inside of
Ring Road (Ratnapark to Kalimati)
(b) Internal to external : From inside of

Ri . , - D
ing Road to outside (Ratnapark to =
Kirtipur)

(c) External to internal : From outside of | - .
Ring Road to inside (Bhaktapur to | . =~ \ .-t e

Pulchowk) ' ¥ <

(d) External to-external: From outside to | \n\ema‘“’a‘“’ma‘ ’
outside of Ringroad, but using the | N ot Coticn
study area  while  movement. | Soeeniine.

(Thankot' -Kalanki --Kalimati - -

Fig. Basic movemonts in a transportation syrvey
Baneswor -Koteshwor - Bhaktapur).

Internal to internal survey is done by home interview & checks by screen line surveys,

whereas others (internal - external, external - internal & external to external travels) can
be studies by cordon survey.

Survey can be conducted at following location based on the detail of data required:

(a) At Home ( Household(HH) Survey): As home i_s‘cqn_sider'as.origin of most of trips -
e (b) At Destination points, such as bus stops, terminal, parking spot, factory, etc.
(c) During trip such as Roadside Interview, spot speed, moving observer, etc.

Methods or Types of Transportation Survey:

There are various methods of transportation surveys, which can be performed for the
_collection of required data, but the suitablec survey method need to be assessed based on
. our requirements. ' _ s g PR o, ‘ )
" "1, Household (HH) interview méthod i s

2. Road side interview Survey , E

3. Origin- Destination Survey Meﬂlo-:ls: w .

' e Return Post card Method - ik S | : .

i
E:

e Registration number plate method .

7 7 . Hemant Tiwari
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* Tags on vehicle method

~* Telephone Survey
4. Traffic Flow/ Volume count Survey: _
* Classified traffic volume count at roadway section
* Turning movement count at intersection to design signal timing
* Pedestrian flow count to design footpath or green time for passenger

o Speed and Travel Time Measurement Survey
~® "Spot Speed Measurement
‘ " Movihg Observer / Floating Car/ riding Check Method
6. Commercnal vehicle survey :
‘ 7. Taxi Survey
8. Public Transporrsu'rvey

Household [nterview survey » % | T aet

HH survey is considered as the major source of information on: Characterlstlcs behavlor

‘and attitudes of traveler. This is the most reliable method of survey for the collection of O- D
~data. All sorts of data regarding the travel pattern of residents-of the household, general

Characterlstlcs of the household mﬂuencmg trip making are obtained. :

~.

Desprte lts reliability, it is an expensive method of survey. As each and every HH can't be-
surveyed, thus sampling needs to be done. With use of various Statistical tools we need to

_ select the sample size to achieve desired accuracy. During this survey it is necessary to~
send a letter to the selected households prior-to the proposed interview, explaining the
nature, 1mportance and objectives of survey and asking them for proper cooperatlon

““Mostly, it is ‘performed by interviewing all the members above 12° year mdlvrdually and
mtermewmg Head, of Household on the ‘behalf of HH member that ranges between 5-12
years. Thus proper questionnaire need to be designed, which should be “sinple, Tﬁfecf‘g
should take minimum time, answer should cause minimum burden to the respondent First ¢
date, days and time to conduct survey is determined. Usually within Monday to Thursday at/
evening time (6PM - 9 PM) is considered the best time to conduct study

Three major types of information are collected: _
1. Household characteristics: (Interviewed to head of HH) : i A0

, * HH size, HH annual i income, no. & Lype of vehlcle Lowrership, no, Ofemployed
“+- = - “members in the HH" c C e o

2. Personal charactenstICS' (Interviewed individually)- | ;
* Sex, age, possession of a Wriving license, educatignal ‘evel activity & relation #
: to the head of the household (e.g. wife, son) ‘ f |
T

° -

3. Trip Data: (Interviewed individually) |
11| Page i HemantT|wari

"5’»».»

.https://civinnovate.com/civiI—engineering—notes/
Scanned by CamScanner



Origin and Destination of teip, No. of trips

* por day
Trip purpose, trip start and e

nding times, Mede
Walking distance, waiting time and tr

(if public transportation is used)
Parking location, parking char
private vehicle is used).

and ragte

HSe] feyr 035

ety i

T 3 3
sLation ur busy :'.'4;;

ansfer distince and

ge and duration & vehicle occupancy? (if

Road Side Interview Survey

Road Side Interview Survey is one of the common an easiest method of Origin and
Destination Study. It is one of the methods of carrying out a screen line or cordon

is usually adopted to check the accuracy or reliability of the information
Household (HH) survey. : ‘

vThe method can be summarized as below:

suivey. It
obtained from

> Decide stations which may be along the junction of the cordon-line or screen-line
> Stopping of vehicles at previously decided stations randomly, as it is impractical to
» stop and interview all the vehicles (i.e. Sampling is done), by a group of persons
through the help of traffic police. . ' | C
» Then Drivers are asked to co-operate with the interviewer team for providing
~sufficient information. R, _
» Information that may be collected includes place & time of 0-D; route location,
stoppages, purpose, vehicle and number of passengers.
The number of samples depends upon the number of interviewers and the traffic using the
road. Thus, it is a quick, simple and economical method of survey, but it may cause the
delay for traffic flow and it needs sufficient space to stop vehicles & take interviews. At the
same time it is useful in obtaining information regarding trips which are not registered in
Household surveys (i.e. External - External‘tri'ps).“[n,_large cities the cordon lines and
screen lines may be complicated. These cordon and screen survey by road side interview
sefve to check the accufacy of the home interview survey. '

Return Postcard Method: : : .

In this method reply paid questionnaires are handed over each driver or even to
pedestrian/passenger based on its purpose and are requested to complete the information
and asked them to post it back. The received cards are analyzed and conclusions are drawn.

In developing country, this method may not be sgitable.

e AR T e e R

e LS - :;4‘:: i s -":Xa"- el X (VPR P FoA S
_ Registration number plate survey . , Ty
= : x ! it on
Entire study area is cordoned and observers are stationed at all pomts:)f en:r'y]aﬁd etx o
N = e ; f the vekicles entering .
all routes. Each party at the statier: notas the license plate number cf A 'b ol ff
. ~ Y- : -1 " . i . "¢ P il .
and leaving thie cordoned area and the time, thus journsy speed Cu‘.‘ ¢ determ ;
g e g 2 ‘ MWamant T.ilw'a"if‘
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Separate sheets are xnéintained for each di

X In. this method traffic volume of various types of vehicle are individgally _measuréd baseld.:,’
~ on their Passenger car unit (PCU), if possible both lane wise vehicle count is performed in |

&

thod is quite £asy and guicye .

setion. This me ) ‘
et give the information abgy

<. This method does not

field, but it involves alot of office worl delay and its cause.

D points, and may not give information about trip purpos

I'ags on vehicle method vind in

‘< fi r the windscreen wipe,
In this method vehicles are stopped and a tag is fixed usualI_le‘lf’f‘dreent routes. The veh,‘:;.,,
at entry point. Tags may be of different color and shape for @ o ¢ enmking and leavi:
are stopped again the exit point when tags are collected. Times O a2

could be recorded on tag to find out the journey time.

Spot Speed Sucvey: )
Spot speed is an instantaneous speed of a vehicle at a specific |

measured manually or by use of enoscope, Radar speed meter or :
camera method. In manual method suitable stretch of road is selected and two point are

ocation. It can be either
Photographic and video

“fixed (Recommended distance depend. on speed i.e. for<40kmph -27m; 40-65kmph - 54m;

>65 - 81m) and then time to cross the distance is noted, based on which speed} is

-
-~

determined.

- . Moving observer / Floating car / Riding check method:

. In this method a test vehicle is driven in the required direction with three observers on the
test vehicle: The first observer counts opposite traffic using hand tallies, second observer
. with stopwatches records time for each individual delays and total time duration for the

. trip of predefined route and third observer records the number of overtaking ‘and.

overtaken vehicles and ultimately by using specified formula traffi

_ _ fic flow, journey time and
journey speed can be calculated. : '

C:l‘as'si.ﬁé"c.l Ve’h»i(':lélCo.u.n-t: | Tk : o o

.

both direction. In practical approach, hourly traffic count.is divided into four sectign (ie

count is usually done at interval of 15 minute) so that we can have the idea ab
volumedistribution even in particular hour.

out the
Turning Movement in Intersection:

[n intersection we need to count classified volume of departing vehicle and the respecﬁve_’

.- VvoJume.of:turning:vehicle so-as to design signal-timing.-Along with this we'need to recorc

; record |
the queue length so as to have idea about arrival volume. : :
Pedestrian and Nan- motorized Volume Count: - . i e e _ ?

G - ) ’ . ! “ﬁ'
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The non-motorized (pedestrian, bicycle, rickshaw) volume s of grest import
‘ ) C 3+ & preay NGOG ILal 4
like bicycle lane, footpath width, etc. The crossing pedestrian volume

designing facilities i

intersection helps in signal timing for pedestrian.

‘c_glmlercial vehicle and Taxi Survey

[t is conducted to obtain information on journey made by all commercial vehicles or tax
within the study area. The survey consists of issuing questionnaire or interviewing taxi or
commercial vehicle driver-on the characteristics of the trips. [nformation to be obtained in

taxi survey includes: average trip length, average passenger per trips, cost of trips,
approximate total passenger per day, etc. as obtained from interview, whereas total no. of
taxi or taxi’s volume at study area can )

to be collected in commercial vehicle survey inc
ght of goods, route, commercial vehicle volume,

ludes destination, time of travel, toral ~
volume or wel location of terminal for
commercial vehicles, etc.

Public Transportation survey i gl
" In case of public ‘transportation we also need to interview passenger to obtain time
hin the route, delay at each stops, etc. or we can

required to complete a trip, no. of stop wit
ask the operator about the service frequency of vehicles at various course of time (peak

and off peak), fare, origin and destinatidnvof each public transportation. We ourselves can
collect various data such as: average trip length, average trip time, running and journey

speed of vehicle, service frequency at different time, passenger accommodated per hour,

etc.
[nventories of transpo rtation facilities:
To identify deficiency of present system an

about the various data (inventories) related to transport facilities which are:

* o Inventory of streets forming transportation network
e Traffic volume, composition, peak and off peak period and Peak hour factor (PHF)

e Journey time by different modes

« Inventory of Public transportation (No. of passen

station, schedule of operation, and so on)
» Inventory related to pedestrian, cyclist and other non motorized modes

e Parking [nventory ( Parking demand, occupancy, supply)

e Accident Inventory

d improvement required, we need to have idea

ger alighting, boarding, no. of

be obtained from observation. Similarly, Informationz.

-

Inventories of land use: : ‘ _ |
whether it is used for residential, commercial. i

- Zonal information based on its land use,

industrial, recr_ea:ional, agﬂ'w[mra{, institutional purpose o7 it is an oper space, is of great

. 1a]Page ; Hemant Tiwari
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ein (r A , - relationshin be
W “a”"DOI‘lnlmn planning, especially in determining the re P bu"‘"*’:‘:r.

“"T‘“SINN‘tm.ir)m It also plays important role in trip generation modeling,

DvVentory, 2 mi 1
: mic studies:
It Includesg following:

* Zona] Population

Age, sex and fy mily composition of the zone

* Employment and vehicle ownership statistics
. Housing Statistics

[Income study

- Predicting Future Demapnd:

AS dis}cussed earlier, there are various method of predicting future demand, which is
Important for design of any infrastructure or operation point of view. There are varigys
. method of Predicting future demand as discussed below:

‘(@) Forecast based on Past Trend or Trend Analysis: It is the one of the simplest
method of forecasting. [t analyze the available traffic volume data, the past trend canp :
be identified and extrapolated to estimate future volumes. It is relatively cheap and.
easy to conduct method of forecasting. It is much appropriate method if the trend is
expected to continue in the future too. It gives better result for short range forecasts -

B ‘(ﬂa) ‘l.r.‘l’ﬂéaf‘ (b) Non-linear 3 -
(b) Elasticity models: In regression mode-ls poli_g:.yl va-r'i.ables. co_u;lq b,e, lncluded m the/
. -+ ~model-specification.-If one- is -engaged-in --rel:fltlvely .short-term-:plan'm'ng, Such th;-n,;_.
fracon er influences can be assumed constant, it is possible to specify a model which IS’*
i) ned with the sensitivity of the forecast to key policy variables, Suck a -’
sofzfi’l _‘i’;";(:)rwn as an elasticity model and'it is one of the most widely used r.“ode'ls;:i
mo =) ARMELL . , ]

re:
- 4
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of marginal change. Elasticity is the measure of the sensitivity of demand 15 Char
in system condition.

Its general form is:
Y. = }';_1{1 + E()(g N X:—l)/xf-l}

Where Y = quantity.demanded in yeart,
X = value of a supply variable (e.g. price or journey
E is the elasticity coefficient for Y with respect to X.

time) in year t,

. Elasticity model can also b_é‘ used to predict the effect of marginal changes in a wide range
. of supply variables. For example, to represent the effect on demand of changes in petro!
fprices, car parking-charges, road-user tolls, expenditure on advertising, frequency of bus
' service, etc on the usage of public transportation. :

assical Transport Demand Model: Includes

(c) Four Step 'Modeli.'ng' Process or Cl
' odal split and trip assignment model (To be

trip generation, trip distribution; m
discussed in chapter 3)_ : : o
(d) Land use models: The demand for movement or trip making is directly connected
to the activities undertaken by people; which ultimately depend on land use. Thus,
using various land use model we can predict demand for specified type of land use.

. REFRENCES:

,j":'S.l. Traffic Engineering and Transport planning, Dr. L.R. kadiyali,2011
5.2, Highway Engineering, S.K. Khanna & C.E.G. Justo, Nemchand
1_ 53 “Transport Planning and Traffic Enginéerihg" Edited by CA O’Flaherty

- 5.4. Urban Transportation Planning, Second Edition, Michael D. Me-yer & Eric J. Miller;
McGraw Hill, 2001 , :
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The urban trang
th is forecas

; portation planning process can be su
(3) First regional i ic grow
. population and economicC §
(6) Alloratign o ohitan area. .
0can.on of the land uses and socio-economic e blic policies.
( gccordlpg to land availability, local zoning, and relate ptl;e P lts of step (a) & (b)
SRy ¢) Generation of alternative transportation plans based on = e pian.
. (d) Calcglation of the capital and maintenance costs of each alter e e the targeted yeu
(e) Application of calibrated demand forecasting models 'todpland—use ot doone
equilibrium flows expected to use each alternative, pr.owde e (
projection of step ‘b’ & characteristics of the transportation alterna e
(f) Conversion of equilibrium flows to direct user benefits, such as sa
travel cost attributable to the proposed plan. .
i ti ted cost
-(g) Comparative evaluation & selection of the best alternatives based on estima and
benefits.

:actions 0 individual analysis zone,
proj :

n travel time and

Travel Demand forecasting: _
Travel demand forecasting is the estimating the demand for tr

“future design period. We need to deal with the following factor
important component of transportation planning '

Trip production and Attraction (How many trips)
Decisions on destination (Where to go) " -
.Modal decisions (Which mode to use)

Spatial decisions (Which route to use)

ansport facilities and services for
‘during forecasting, which is the

-

Four distinct traffic models are then used sequentially to predict.the movement of speciﬁé
segments of the area’s population at a specific time of day. And the combined form of four step
sequential process is called Four Step Modeling Process or Classical. Transport Demand Model.
An overall model of this type may also require information relating to the prediction of future 1and
uses within the study area, along with projections of the socio-economic profile of the inhabitantsi
to be input at the start of the modeling process. (

The.models are described briefly as: _ S l ¥ )
© (@) Trip generation: First we have to estimate no. of trips production and attraction at -
' zone (study area). This can be done through various' mathematical models as e esio
model and cross classification models. First these models need to be calibrated using
various variables which may be HH size & income, auto ownership, no of employee membltra1

population density, etc.

(b) Trip Distribution: After trips ggneration the generated trips must be ciistributed "
available zones based on the various factors sometime attractiveness of each zo :10 the
cometime distributing as per impedance factor. Thus 0-D matrix s being 8energf Yiv er:;

ed in thi§

step. Trip distribution are analyzed by mainlly two types of methods; Growth factor method
% ' g T . . i .- v Jfactor me ‘.“0;“

. & (uniform & average GF method, Fratar & Furness method) or Synt
s " ethod which consider the impedance between the zones)

al split Model: It ‘p.redicts- t.he no. Qf'trips using the Dartiéular mod .
g'olic vehicles. This modei can be used even after trip 8éﬂ8rati§nsay private vehich
: 2 . _ considering ond

(c) Mod

or P

1!;.[.5;6. ] ¢ ' ’ Hem .‘Alnt' ™ 'i“,-.;;'rq
https://civinnovate.com/civil-engineering-notes/ .
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al charactensucs cailed Trip End Type Modai spin Model o stter dist it ;
considering both personal as well as trip characteristies ”u: ' {pytr j ; - % 7ok Sk
Model. Logit model is based upon the probability oi ‘:;s‘m-u_'m:,-rc‘ . ;a»ah:u&t;&w ; ¢

further depend upon the utidity and disutihty (generalized cost of travel) fun "'_.fs",’;,

person

[ 4524 1414 g E

(d) Route Assignment Model: It predicts the route selected for cach distributed trips. The uier
or travelers select the shortest route having low generalized cost of travel {shartagt
distance, less time). The route is selected based on various available techniques as Al or

Nothing, User & System equilibrium method, multipath assignment method and 50 on

rRIP GENERATION MODELING:

classical transport model which aims at predicting the
in each zone of the study area, in conjunction with the
h zone. The basic outcome of the process is

stage is the first stage of

' otal number of trips generated and attracted
1and use and the socio-economic characteristics of eac
' the solution of 2 foilowing question such as: :
1 How many trips originate at each zone, FhRe . _
Na. of various types of trip (shopping, works trips, social & recreational trips) produced.
Probability that this person type will undertake 0,1,2 or more trips

& What are the independent variables on which the trips are governed?

| The trip generation

)
* 0"

) L)
... '.

L)

ders_tand and quanti_fy the rela’tions’hip between present urban activity and

 The planner'must un : : n:
: hich is cover by trip generation modeling.

1 present trip-making, W
;Trig: Tﬁe basic unit of travel demand is tﬁp, which is defined as the movement of an individual
 with single purpose and having two trip ends, an origin (start of trip) and a destination(end of trip).
' The journey from home to work isan example of a single trip:

‘who normally live together and take their

Household (HH): HH is 'usuélly a group of persons w
i meals from a common kitchen unless the work prevents any of them from doing so. A group of
' unrelated persons who live in an institution and take their meals from a common kitchen is called

%fan i nstitutional household. 7
:'_ Home based (HB) & Non Home based (NHB tri .:, [f either the trip end (origin or destination) of
 trip maker is home then the trip is called HB trip, else it is.NHB trip.

| Trip Generation and Attraction: 23 : i 5 i
L A generation or production is the home end of HB trip and origin of NHB trips whereas attraction is
 the non home end of HB trip or destination of NHB trip. Trip production and attraction are different
' from Origin and Destination in case for home Based (HB) trips as no 'matter the trips starts or ends

duction end but not the case in origin and destination point of view.

' from home, home is always pro

Production  Attraction
q Work | .-~

Home | . ———
Attraction A_m“ﬂ"" i “Home

. eagedtrips

8 : Production ; |
: P , }———— h
work | _-. i - — ,
ARrast o’ T oy Non~-home N
- [
. - bazed trips
.. ' . Httos:/leiirthovate. o S gt paw e AN A
ps://civinnovate.com/civil-engineering-notes/- " -
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Trip Classification;

(a) Trip Classification based on Purpose:
Home Based (HB) trip purpose may be classified unde
= Trips to work (home-based work (H Bv*t’))
= Trips to school or college (Education trips).
* Shopping trips;
= Social and recreational trips;

= Other trips. ; : -
The first two are compulsory (or mandatory) trips & others are discretionary (or Optionalj ¢ &

HB trips constitute about 80-85 percentof trips.

¢ following headings:

Non Home based (NHB) trips, which contributes small proportion (only 15-20%] are not norm Y
treated separately. | '

~ (b) Trip classification based on the time of the day: & 3
Trips are often classified into peak and off-peak period trips. Normally morning (8:30am -10:303n
and evening (4pm -6pm) is considered peak hour and the trip at that period of time is hig
compared to other. ' - )

k (c) Trip Classification based on person type: . - 3
This is another important classification, as individual travel behavior is heavily dependent g
Socloeconomic attributes. The following categories are usually employed:
~Trip based on income level (high income level HH has.more trips); ’
— Trip based on vehicle ownership (Number of vehicle each HH has affect the no. of trips); :
"- Trip based on Household size and structure (single, married, joint family, etc).

Factorsaffecting personal trip production

‘Trip production is performed by relating the number of trips to the characteristics of th
_individuals, of the zone, and of the transportation network. In production models, estimates art
- primarily based on the demographics of the population within a zone. , ‘
The following factors have been proposed for consideration in many practical studies:
"<+ Income and standard of living L erepemagesi e T T T L s o
Vehicle ownership , , :
Household structure and size; : i
Number of employed and non employed member in HH
Value of land; : . ' _ .
Population and Residential density; e AR ST T T
<+ Accessibility (Distance from central business district) ' i
The first four variables are considered in disaggregate (HH based) studies, while value of lar

population and residential density are used in aggregate (Zonal based) studies.

LR )
PO X

L
0.0

Oy
.. ..‘

U
0.. )

(a) Factors affecting personal trip attragtion

<+ Characteristics of the land use S o o » e
<+ Retail floor area, service and office floor area‘a'nd'man'ufacturing and Wholesaling'ﬂbo"r{
Employment opportunities. ) ) B
Distance” of zone from core city or location of various facilities { commerciai, indust

. social, recreational, etc) 3 S ‘
e ,Accessib.ility (Extend and Quality of transport services to the zone)

D)

DO

J
L]

L)
.‘.
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fFreight teip productions and attractions

(b)
- eight trips has also significant contribution on total trips, thus they also need to ve addressed
.‘ mportant variables include:.

& Number of employees; .
& Number of sales;
.. Roofed area of firm;

. & Totalareaoffirm , :
Cor residential land uses, character is described in terms of socioeconomic variables like family

cize, family income,_and car availability. Generally, high-income or large families make more trips
han low-income or small families. And obviously, three-car families generally make more trips

tha n one-car families.

Tri eneratioh Model and their analysis:
l can be derived at two level of aggrégation, whether aggregate or Zonal based

rip generatioh mode
- disaggregate or household (HH) based.

L-h’re‘e majof"op'eratidnal approache
.« Growth factor models :
< Linear regression models

‘¢ Cross-classification (category analys’is)‘:m‘odéls

s to trip generation modeling are:

"(a) _Grbwth fattor modeling
crowth factor modes tries to pre

yone as a linear function of explanatory variables. The models have the following basic equation: -

“Vi =Fixt; -
e-and current trips in zone i and & is the growth factor. The

Where T; and ¢; are respectively futur
y variable such as population (P) of the zone, average

growth factor F; depends on the explanator

house hold income (), averag
follows e e
i TET leereve) e ‘ i
Where superscripts d and c represents the design and current years resbectiv_ély. "
| Consider a zone with 500HH, among which 250 HH have vehicle and rest have no
vehicle. Take 6 trips per day per HH having their own vehicle and 2.5 trips per HH having no
vehicle. Calculate the total present day trips. Determine the future trip assuming all the HH will
have vehicle and that the population and Income level remains constant. Also determine the future
trip assuming constant trip rate. e, s vy

Trips from HH having car = 6*250 = 1500 -
~ Trips from HH having car = 2.5*250 = 625 e e R S A
“ Total present day trips = 15004625 = 2125 trips | :
Total number of HH = 500

2 fowth factor (F) = Present vehicle ownership/Future vehicle ownership’
- - =(250/500)=2
https;//civinnovate.com/civiI—engineering;notes/ 7 i amaats ¥ ‘, o
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dict the number of trips produced or attracted by ahouse holdor = -

e vehicle ownership (V). The simplest form of fi is represented as



Future trips = present day trip * Growth factor = 2125 2 = 4250 trips
If trip rate remains constant, then the future trips = 500 *6 = 3000 trips

Thu_s we conclude that Growth factor model gives much higher value This growth fBClrﬁl’ madels iry
- normally used in the prediction of external trips where no other methods are available. Byt For
internal trip, regression methods are considered much suitable method. |

|
d

~ (b) Regression methods;

- Two types of regression models are commonly used. The first uses data aggregated at the zong

- level, with average number of trips per household in the zone as the dependent variable and

average zonal characteristics as the independent (explanatory) variable. The second uses

- disaggregated data at the household or individual level, with the number of trips made by 2

household or individual as the dependent variable and the household and personal characteristics

as the'independent variables. ' - 3

The general form of a trip generation model is Ti = f(X1; X2; X3;ueeernnne ) ; o

. Where xi's: are prediction factor or explanatory variable or .independent variables and T; is
- dependent variable. P

The prindpal assumptions of regression analysis are: _ y .
. 7<% The variance of the Y values about the regression line must be the same for all magnitudes
: of the independent variables. - . :, ' '
< The deviations of the Y values about the regression line must be independent of each othe
and normally distributed. :
- . %+ The X values are measured without error : .

% The regression of the dependent variable Y on the independent variable X is linear, whick

may not be true in all cases. :

- Tizao+ar*Xi+a: *%e + ..oan * Xa -

‘Where, ajs are the coefficient of the regression equation to be determined. '

Single independent variable case: : : 1
A linear regression model is to be developed between d‘epend_en.t_, variable (Y) & independeng
“variables(X) in'the formofY=a+b*X - -
The constant value of “a” and “b” is determined as: _ ; :
' b'zé';z & - a=Y —bX - Wherex=X-X" - y=Y-—-YV

x = . - .

——

The ratio of the sum of squares explained by the regression to the total sum of squafés is known ,r“._

. et 2 Ly
the coefficient of determination (R2value) is given as: R* = Z:i‘ &
3 y2 =Xy; +3y2 total sum of squares of the deviations of Y observations about the mean value.
% ¥Z = sum of squares of deviations of the Y observations from the regression line. :
5,2 = the sum of squares of the deviations of the estimated value of Y (¥,) about the mean valuéf

(regression of sum of squares) _ 7. ‘

o

} 5 _ . ;o e ;
The residual sum of squares, 2. y; provides a measure of the variability of Y observations about

- 02 . ' . . ‘ L5 ;
regression value. If X5 is small, then the regression equation may be considered to fit th
observeddata ‘,"e”‘ Higher the RZvalue betie- Li:€ goucress of fit of datain the equat:on.”

5|7aze https://civinnovate.com/civil-engineering-notés/
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pevelop the trip production equation for the following

- ERICAL:
MERICA™ ck the validity of equation developed

. Stics 10 che

0|uti0n:
us suppose,the equation be h

B are cbnstants anlerips (Y) represent depende

A+ B*X
Let

atl bt e e et [ T P )
Average HH size 2 13 4 15 6
Average total trips per day 5 7 | 8 210 10

nt variables whereas HH size (4]

where, A and :
- oresentinde endent variable.. ,'
j y=v-¥ [x=X-X |x* |y’ xy | Ve |ye2=(Ye-#)? |ya=(Y-Ye)? |
5 -3 2. 4] 9|l-61 54 6.76 o,ngf
™ Ll 1] 1 1| 1] 67 1.69 0.09
8 0 ol ol of of 8 0 0
10 22 1 1] 4 2| 93 1.69 0.49
10 2 2] 4| 4| 4] 106 6.76 0.36
40 | it O L o| 10| 18] 13 16.9 1.1 |
Here,¥=40/5=8 &  X=20/5=4
p=Li¥-13/10=13& - a=¥—-bX=8-4*13=28
T, ek, | :
Hence the equation becomes, Y= 2.8+1.3*X ol
Y. v2 = sum of squares of deviations of the Y observations from the regression line = 1.1
) pi - sum of squares of deviations of the estimated value about the mean value = 16.9
fa'e ) p
52 = Total sum of squares of the deviations =Zy§ +3yZ=11+169=18
) -
' Then, coefficient of determination Rz = fi_f— =16.9/18 = 0.94 5

' Category analysis or Cross clasSiﬁcation Analysis: : J

ion techniques is the method developed by Wotton and pick
ted. It overcomes the disadvantage of Regression analysis of
dent and independent variables. Category analysis
characteristics of households, which have been
ding to a set of properties that characterize the
etc). A multidimensional matrix is
atrix represents the 'oneo

Category analysis or Cross classificat
 for the determination of trips genera
‘assuming the linear relationship between depen
is a technique for estimating the trip production
sorted into a number of separate categories accor
 household (household size, income level, vehicle ownership,
| formed which defined the categories and each dimension in the m

' independent variable.

1 s T I 417 T e - T . Persorrper household

1 For example, oné’ fnay “Classify “hoiiseholds in an . 21 3] 2 = ! :
area by both family size (1, 2; 3, 4, 25 persons/HH) K Vehiclesper HH | 1 —2
inhd by auto ownership (0, 1, 2 2 vehicle/HH), i__h___________p a 13-4- ci _44__‘_'_5_; A
P ich reselis in 15 Tlassas as® [ ¢ i J, (_‘ gl ﬂ.i_._."_-i..__;i_i. :
- 2 and more | _}C_“____!_f_.'l‘.‘i__.')! oi
E6 (.., ' | ¥
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Here though the major indepeadent variables 4
category analysis all the dimension in the Mt
b,c,......0 all represent the variables. 54

FOpresen

: ¢ rate (Trips made by cep,
Then based on the present day trips made by each category the trips rat {_ql (;{ y 1.: 7 cerg,
ated. Inthe example above, 15 average o o

category/number of HH in particular category are estim s ) .
ratcg w):){xld be derived. H'pone knows ll\% ﬁzt.)urc composition of a zone 'm rr:rr’n.v.y nf-' ,r?f{.sz”"'-'xf
inhabitants (in the same category as present), one ¢an calculate future trip b'_ﬂ"""t”"" “'“-”-'i‘f-a's,
present trip rate to be constant even in future. Zonal trips can be obtained just by summatios
trips generated by all categories found in the zone.
Basic Assumption: ' . .
e The present trips rate remains stable for long period of time t.c. trl
Advantages: : "
"« No prior assumptions about the shape of the relationship are required (i.e. no ling;
relationship need to be assumed). - -
~« Relationships can differ in from class to class (e.g. trips made by HH with no vehicle mg
differ significantly from HH with 2 vehicles). -
Disadvantages: , ;

‘e Does not permit extrapolation beyond its calibration strata, although the lowest or highes
class of a variable may be open-ended (e.g. households with two or more vehicles and Kt
size of five or more). '

"« Large samples are required, otherwise ‘cell values will vary in reliability because o’
differences in the numbers of households being available for calibration at each one. Leas’
of 50 observations per cell is tentatively required to estimate the mean reliably. ‘

st
§it

p rate is constant.

e There is no effective way of choosing best groupings of a given variable; the minimtzationc:
standard deviations requires an extensive 'trial and error’ procedure which may b

considered infeasible in practical studies. : N
e No proper measures to check on reliability of outcome as it was in the case of regressia
analysis by use of R?value, “t" value, etc

NUMERICAL A riumber of household and total trips made, categofized by household size andd
ownership level and forecasted number of HH in each category is provided below. Calculate th

_ future.number of trip in each category and also the total trips of the zone. - : R TR

Automobile ownership : 5
0 - 11 2ormore | - - ., s
HH SIZE HH | Total | HH | Total | HH | Total | : A

No. | trips [ No. | trips | No. trips

150 | 150 200 | 450 S50 90 -

350 | 420 {500 | 1500 | 200 | 420

1
2
3 500 | 750 600 | 2100 | 500 | 2250
4 or more | 400 | 800 800 | 3200 | 600 | 3000

Forecasted number of HH in each - : —
category for design year g o | Automobile ownership_
Py L : " R IR I HH size 0 1‘ z-orm@
. ' 1| 100 3s0]
a1 40| tomo]

“ g T 3| 600 1200 F ,/1’5

L #ormore| 150{ 12000 . -

ol
. - : = i . ' \12
https://civinnovate.com/civil-engineering-notes/ Hemant ] \
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st step of solution is the determination of HH trips rate which 5 easily obtained just by ©oed 2y
3 oy e et} f "7h A
tal trips of each category by HH number, Then by multiplying the trip rate of each (aregory
-ojected number of HH we can easily obtain the trips made by each category

Averagé HH trips rate Projected ruturet#fif_s,___,.__—--w«;
: Automobile ownership Automobile ownership |
: Family size | 0 1 2 or more Family size 0 5 1| 2ormore
e 2.25 |18 L [ 100 787.5 144
2112 |3 2.1 2 | 480 3000 630 4
3:5 45 3| 900 4200 3375
| > { 4ormore 300 4800 _Z_S_O_O——————

= e S e racted in each
- all available and relevant information on the number of trips gene.rate.guiz a:ttfese trips: over
‘fte; havé been collected, the next step in transport modellrr\lg is to t:ll:rtlge. between zones and
on ‘ ' 0 distribution is defined as the ‘interc '

. g At ells. Trip distribution is aelir R
rigin-destination g ] tween them. Thus, trip distribution models co

ith - ial interaction be ' -
eals with the spatial. y the trip generation models to create estimated trips

: . . o b
igi destination estimated .
- e © Attractions |
Generations | 1 2 I -
1 Ty | T2 | Tyl.|.| Tz 0y
/_—— .'_—’._—_— O ‘ &
ay - A
2 | T2 | T22 Toj|.].|T2s | b
FRca e P B o
: =TT T | | | 2 0:
[ Tll Tzz . ] Ti}' . [3:4 i
L :
____’_——————‘.__——— ——:——"‘
: et a
|
¢ T:i T"2 TZJ' Tzz Os
AR |

= H “ D D" ZT!’? ; FA ' . .
s | D Dy ! ! e B ]y © ‘ . L
| ZTIJ T 5 S S T B '

:;‘; U
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.

The decision to travel for a given purpose is called trip genetation
-zone are then distributed to all other zones hased on the fine The top pattern ig 5 . ¢
. distribution which forms the second stage of travel demand m{)den'mi_,'(o_{‘)) matrix which 1 %
area can be represented by means of a trip matrix or Origin.dcstlﬂ'a\“m} he 7onés in the :,.tudt f-s};}
dimensional array of cells where rows and columns represent each ot the Z QY are,

4 it can further disagﬂr(:g;z:g,f;i.:
The matrices can be formed either in aggregate level (zonal wise) or it ca N
person type (n) and/or by mode (k). -

" [y F = c f .
I hese genecats: i trips from .

i Thic P 4
actintZlONR T NIS 15 callaa
i!“.n!‘,‘} JI‘ ’f‘ »Lhite ' - o o'ns ¥y

, ‘_ . ) ;

~The cells of each row represent origin whereas destinations are repriii?tzeodh:};'»;c;rreeassp;):i‘;.

columns. The sum of the trips in a column is the total trips attracted to = Tt;e o diao'l

- trips in a particular row represents the total trip originat(-ed from that zone. gonz

represents the intra-zonal trips. The meanings of some noFan)n are:

i . Ty= Number of trips between origin i andrdestinatlo,n J
‘01 = Total number of trips between originating in zonel

Dy =Total number of trips attracted to zone j. )

While distribution, we nee

“e.ither one or two constraints_hased on which the model ar,
: @singly & doubly constraint distribution method. When thf: modgl is.c

hecked against eithg
total produced or total attracted trips of eac‘h' zone, it is called

int model. When th
constraint is on origin, it is called origin based singly constrained model (e.g. T11+T124T13+... = Oy

afid when the constraint is on destination it is called destination based singly constrained mode
"~ (e.g. T11+T21+T3i+...... = Dy). If the model i

s to be checked against both production & attraction, it
- called doubly constrained model. ~— - -

- The aionfa distribution model can now be described as follows:

~e Distribute the trips that originate in a particular zone over all destinations
= Distribute the trips with a destination in a particular zone over all origin.
“.» Determine the OD table for a particular forecast year. '

“Methods of Trip Distr,ibutioh: ‘ e~y
- (a) Growth Factor Models: Uniform

Factor Method; Average Factor Method, Detroit Metho
Fratar Method, Furness Method e (’g_,_\ DA T

| synthetic_Models:  Graw/Spasialleracton el

L "Oph aortuhi? i i
egression/Econometric Models, Optimization Models; Tanner Model - gk Mg%;:‘]
Grqwth Factor Methods

- 1. Uniform growth farctor ’

A single growth factbr for the entire area uhder study i ' 1
: _ tudy is calculated by dividin '
;rxp e;nds for the horizon year b_y trip ends in the base year. The futﬂre tripsgbtet;e future numbe(;
re then calculated by multiplying the uniform factor thus obtained to th ween zones [ an
zones [ and | i 0 the base year trips betwe
n.lform grovyth factor = (Total future trips) / (Total present t’riAp;;;)

This method is simple to ung i 1
that- the entire study area has s Pliire gy t;L;lr Eor.short-terr_n lanning. But the assumpti’
réality. , 0 77 Doth production and attraction is not valid!

. E Q
https://civinnovate.com/civil-engineering-notes/
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The base year trip matrix (O-D mateixy s

| yumerical

:,given in adiacent table. If che future trip genevated in 700e 0 o0, [hosternat sy

f | 2 and 3 are 360, 1260 and 3120 respectively. Calculate Ml 7

| Josign year 0-D matrix using Uniform Growth factor M ies  + o1 -

. ethe ' R M (209

:,methOd‘ , | 2 100 t20 1300 R

| solution: e} L3 200 (300 (20

1 p,—esent year to_tal'trips = 60+100+200+ 100+20+300+200+300+20 = 1300 trips

! Future Year total trips =:3 60+1260+3120 =:1740 trips - Destination

. Hence umfo:_m growth factor = 4740/1300 = 3.65 Origin . I ;

. Now multiplying each element of matrix by 3.65 to obtain |1 218 i 365 729 ‘

. the futureyear trip matrixas: . _ |2 365 73 300 i

. Total future trips-genera_ted inr_each zone (future year |3 729 300 I 73 |
el= 218+365+729=1312 but the s ; =

lated do not tally with the values given,

. (otal production of zon

4 prov,ided future trip originated from zone 1 is 360) calcu
| this is because of assumption t_hat,thee_e_ri,tig'e area h e growth factor.
"~ This is because of a uniform growth rate for all zones.

because each zone will have its own growth rate and the.rate of

i) This i not correct
- growth traffic movemM ;
-ii)  The’ ﬁ&hgqy@szwﬁwﬂ « day development islimited and
ov'e'r”_é_é':t'_imates_-r_novementswher resent day deve s i sive.
e movement between ‘any_two:Zero, the future trip_movement also .
3 g

“iii)  If the present trip movement Detweel
become zero. This may rarely be the case in reality. |
e ey D e e - )

—————

s A0 ‘Aver:age factor method:

‘:, {n this method, the growth factor represents the average growth associated with both the origin

3 and destination Zones. If Fiand Fjare the growth factors for the zones | and j respectively, then:
' Ty = ty* (Fr+ F))/2 - ' ’ :

L Tij & tij re'presents' future and present trips from zone i to J. ' ' ]
L Fi& F; represents trip growth factor for zone [ and ] respectively calculated by dividing the future’
. trip of each zone by present trip of that particular zone. 1rt Rt - e
trips originating from zone ‘i’ will probably not agree with - the
d same the case for trips attracted to zone j, thus iteration need to
ccuracy is obtained. o st}

| Even after the distribution, the
. projected trip ends in zone “I” an
be done until and unless the desired a

vv , ‘ — S
A M The base year trip matrix (0-D matrix) is | Qrigin Destination
. Blvenin adjacent table. If the future trip generated in zone 1 C AR 3
(11 2_ and 3are 360, 1260 and 3120 respectively. Calculate | 1 60 100 200
- designye b s : i ]
g ylaar 0-D matrix using Average GF method 2 1100 20 ]300
: ' ; 3 200 (300 [20

: For average growth factor method we use the following formula.
: ¥ Ty=ty * (Fi* F)/2 re '
ere, :uf tirepresent base and future year trio interchange of zcne I-] respectivels oo

i & F represents growth factor for zone | and | respectively T e e,

St ot A%

iy
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L e . T e e 2
: EEr TR DS Twm. : ) 7*{;‘0'-’:“: factor !
d B | Destination 'A__{Eﬁ.)- trip , Futur ; ¢

()ngln t 1 ! 2 ]’3 - ‘.L)_-'————_——f—[_‘r”‘) ! ‘ ! l_u_____w_“______,________ﬂ
. : , 1 ]

1 60 | 100 | 200 |360 _j’,ﬁg,._.,_?—-—————wmj

2 ~_|1i00 |20 300 | 420 1260 2 i

3 200 [300 |20 |520 3120 1O ;

Base trip (t) 360 | 420 - | 520

‘Future trip (T) | 360 | 1260 | 3120 4740
| GF.(F) 1 3716

For trip interchange 1-1
' Tu= (1+1)/2*60 60 :
For1-2 .
GF ofzone1=1 and GF ofzone 2 =3, Base year trips of 1-2= 100
Thus, Future year trxp interchange (le) (1+3)/2 100 = 200
For1-3
GF of zone 1 =1 and GF ofzone 3 =6, Base year tl'lpS of 1-3= 200
* Thus, Future year trip mterchange (le) (1+6)/2 *200 700
For2-3 S
GF of zone 2 =3 and GF ofzone 3 6 "Base year trlps of 2-3=300 gl
Thus, Future year trip mterchange (T23) = (3+6)/2 *300 = 1350
As GF methods deals with trips mterchange Taz = Tz and no further calculation is requxred

H

a2

Now we can obtain the future 0-D. table, but as the calculated trips do not comcnde with thé .
required luture trips, further iteration need to be done. Then again, we calculate the growth factor

~for each zone takmg the calculated trip mterchanges as base year trips as : 4
Origin - Destination ] Calculated Required i
1 2 |3 future trip (t) | Future trip (T) | GF (F) |
N 60 200 | 700 | 960 360 ' =1 0375 %
) 200 |60 1350 | 1610 1260 0.783
3 . [ 700 | 1350 | 120 | 2170 3120 '1438 ‘
Calculated future trlp (t) 960" | 1610 2170 ' . s o 1 :
Required Future trip (T) [ 360 | 1260 | 3120 4740
GF (F) 0.375 | 0.783 | 1.438
Insimilar way we can obtain the following table:
Origin Destination Calculated Required
i il 2 : future trip | Future trip
- 3 (1) (7)
22 116 634 | 772 360
v 2%6 47 1499 | 1662 1260
A | 634 .1499 |
I_alculated future trlp (t) 772 1662 | ;;g 12306, | 3120
| Required Future trip (T) - 360 12 E 6 14740 :
[GE () ——1 1260 | 3120 | 4740 ‘
0466321 [ 0758 [1353| -~
The iteration is contmued till the dESlred l .
accuracy is obt1med
11| Page , ] )
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erage Gt metho SIVES INOTE docud dle resuits thea wodoniin GF et )
. i : i ORI iR 0 8% AL 8 POEU
ir own orowth factor. which was not considered vo wnidarm groynh f300 "

“ha\/e the ‘ .
V”Iefhod is too much tedious because ol large number of terations

L Thus. AV

A‘—l-‘la’"‘@‘ggs and Limitation of Growth factor Trip Distribution Model;
| The growth factor
 patterns can be pro

methods of trip distribution are based on the assumption that the present travel
jected to the design year using certain expansion factor.

. limitations of these growth factor methods of Trip distribution are;

movement where present day movement is limited (newly developed city) & overestimates

_ thetraffic when development of city is near ta saturation
also be 0 using GF method which may not be the

As it just. multiply the present trips by growth rate, it may underestimate the future

T If present traffic is 0, th;_iq@ure tratfic wi
case. ' ! QV\,WUL,\,LOJLEJT
> If there is error in_present day traffic, it will be accommodated in the calculation of future
. -hﬁ_,_‘————"—'—_—'—f_ S — -
© traffic. , ‘ ‘

» Tedious method.as large number of iteration need to be done. Sometime the iteration may
not converge and we may not yield with the desired output. :
" » ‘It doesn't provide a measure of the resistance to travel.
% " Not suitable: for policy studies like introduction of a mode,

impact on ‘trip distribution

- . pattern by restricting autos in certain zones. : .
» They neglect the effect of changes in travel pattern by the construction of new facilities and
- newnetwark. e e EEAE N e S , '
» “In case of Uniform Growth factor method the future trips of each zone may:not tally with the

p_redicted value. .

;Despité of above limitations, it can be advantageous when:

> Advantageous for short term forecasting at urban area where growth factor is nﬁore, orless ..
constant. . ' : Y o - ,

» Used to estimate trip interchanges involving traffic outside traffic area (external area)
where other models are difficult to adopt. : _

» Itcanbe used as a check fo»MMMI '
. » . Used when forecast is to be done in quick time.. -

. Gravity model:
- Gravity model is the mostly used synthetic model of trip distribution. By name illustrates the
. principle of Newton’s gravﬁ model and gravity model have similar-principle.- Newton’s law of
* gravity states that the attractive force between any two bodies is directly related to their masses
] and inversely related to the distance between them. Similarly, the first/ ancient gravity mo;iél was
; basggl_ol.l principle that the number of trips between two zones is directly related to activities (trip
Production at origin and attraction at destination) ighe two zones and inversely gelated to the

| separation between the zon vel time as: \

: P.A. o 2
y Ll
. sl TR e e e R e ) .

kT, ' ]
i represents number of trips from i to j o AR ‘ 2

¢ =4 represents production of zon= i andzttraction of zene
4 . [+

121 Paze 4 ' : - B LA i
o ) _ ' Memanr Jdiwanrd

g ..
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Kand n represents constant, which value need to be calibrated and d be the distance between Zuz'é?:?
iand j ‘ g ' :
: |
- Further it was found that-the travel time was not only the factor that affect the -"'p‘d’s"'butir {
_patter and modified version of Grdvity m developed ‘which introduced a new (o,
generalized function of fravel cost That function incorporates all ;}le»y_a_f_,angﬂﬂglri; '
attractiveness such 3stravel time (walking time. waiting time, transf _—g),_tra}’el dlSt?;l‘r}ce an4
travel cost (out of pocket cost for public transportation, fuel and parking cost for private vehicles)

Modified Version: Tij'=K'f Pi*A*f(Cy) S 1

£(Cy) may take any of the following, fur;ction:
fﬂEXPO_ne'ntiél function: fC) =exp (B¥C)
Power function f(C;) = Cim <5 |
Combined function f(Cy) = Ciiﬁ * éxp (-B *,cu)"‘ )

'P,i'e_sent day gravity model states that the trips produced in zone ‘i’ (P)) will be distributed to zone'’j
according to the relative 'att_racti_o‘n»'of zone j'(A)/XA)) and relative accessibility of the zone
[F(ty)/ZF(ty)]. The factor F(t;) represents the Impedance factor which can represents travel time

(waiting, walking, travel, transfer time), travel cost ( fares, operating cost, parking cost, etc), trave

- distance or combination of all factors, Impedance function for each zone needs to be calibrated. The
general friction factor indicates that as travel

_ j times increase, travelers are increasingly less likely to
"“make trips of such lengths. o ; ' "

S el Ry Coeaal 7 attrecti & accessibility characteristics o j
nT-l’lpS i"toj'= productionat 'i'« attrectivenass & accessib il Jchamctensncsofzone]

arrractivenass & a.cceﬁibﬂirychamcta—rr’stim of allzoneinthearsa h e
-Thus from the above formula we conclude that-

trip from one zone(i) to other
on production of zone (i) and the probability of a

(i) is mainly depend
ttraction of trip toward zone(j) produced at‘i'.

The ﬁl_pdel was further modified b

characteristics of various: zone wh

needs to be calibrated.

y use of another parameter K

. y that reflects the socioetdnomf
ich -may affect the trips patter '

n. The socioeconomic factor alsg

Thus the latest gravity model appears in the foiiowfng form:

i PI*AI‘*F(IFU.)*KU_ : = | B

T,=F
> A4, Fe) K,

Where:
Ty=trips produced at zone ‘i’ and attracted tg zone ‘j'
- Py=-trip production at zone 5§ - : ‘

A; = totdltrip attraction at zone ) - :
F(ty) = friction factor (F=A/W¢), where C=calibrati ' = °
Kij = a socioeconomic adjustment factor !lbratlon e W STRsines
n = number of zones

o
-

13| raczs - t

: . deman: 1ivks
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.EB,KZA Total trips production md attraction 1or theee zones A, B and € i
! _Zones l Trivs produced ' Trips attrar re f

(A 12000 [ 3000
B 3000 L4000
C 4000 12000 |

hat the trips between two zones are inversely proportion te the 2°¢ power of the trave!
n zones, “which is uniformly 20 minutes. If the trip between zones B and C is 600.

|tis known t

tlme betWee
alculate the mps from zones A to B and A to C. "

R

’ 1ution:_ : S ' '
,59'/-‘— ‘Using the initial gravity model equation for trips from B to C & determining the
value ofconstant (K) and further using it for determination for other trips as:

) I@iAj ) }@BAC .

‘Tl) = . ¢B = to

ARG K x 3000 x-200
600 =20 x 20,
“Thus, K= 0.04 = (1/25)

' Now the other requ1red trips are determined as:
R 1 2000x4000 _ |

. Tis = Z2 X7 20 x 20 g
L SRR ><2000)(2(}0'0_400 R W et i
s ] DT R : ' A e
'MJ—MELICAL Distribute 602 | zone Work  trip | travel time | . . o ¢
work based trips from zone 3 to From | To Attraction - | (min) rictiona actor.
zone 1, 2, 4 and 5 using following : _
‘information, neglecting ‘intra- 1 1080 20 6
' zonal trips. ' 2 531 _ 7 : 26 : Lo
L 3 3 76 .- - |5 ' 45 L
] 4 |47 |10 v 18
 Solutiop: Sl oz e i - et e 25 .7 7 4

“The trips are’ dlstr:buted ‘using
_graylty model as- : :

P*AFG) K,
ZA/*F(L/)*KU

; where the symbols have their usual meaning. :
- Now trips originating from 3 and having destination zone as 1 & denoted as T3.1 & given as:

602*1080*6*1 3900960
T31= — = = 182 trips
s =it 6"‘1.080+531,*26+18*47+82*4, 21460 o

4“7

T;=

Simifacly,  Tso,- G025 2671 it gy o
- T 6*1080 +531*26+18*47+82*%4 <

o

N Stmiiarly, we will get Ts.e=24 trips & T35=9 trips

TR . ¥ - o i
| 7 ! s ’ e svant Tiwart

o
%

[0}

i
A
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three LU ]L L—‘J:‘Lt‘

e el 0B e dduraction in ,,._-~-~~-"'“’"*““""‘*”
NUM RICAL Trqu M:J"*’ 1900

Zones 11
Trips produced
Trips attracted
The impedance and correspo

Impedance (travel time in mmute

Frictional factors — L Destination
3 - i rigin '
Dlstnbute trips between the zones assuming Orie ‘1/”//;}::

somo economlc factor as1l. 1 2
4
6

nding fricti

SRR N

Perform only two lteratlons

dlstnbuted usmg gravnty model equatioq as

ZA *F(t) K

Solution: ~ The tnps are

Ta1=Tz=Tss= 0 (AS pfodu’cﬁbh is zero) g Tz L= Ta 1= O(AS Attraction is zero)

*
Ti2= 700*400%7. L =338 mps ' | Destination
v 0*10+400*7+500*6 o Origin 112 |3 Tot
700%500%6*1 ' 1 0 | 338 |362 |700
T1.3 = 362 t['lpS - 123 77 - ZOC
. 0*10+400*7+500*6" 2 0
, 3 0 |0 0 0 -
Fo'a 200*400*10*1 123 m—ps Total 0 1461 | 439
- * 3 AT Sl = e
O*7+4(10*10;;i(;0 5 F i Desirpd 3 Al
200*50075" =77 trips - Attraction - | 0 | 400. | 500

Tr3 =
727 0*7+400*10+500%5 | SaZEL T T S
~ Now tabulating the zone to zone trip after. 1st iteratio fliohitain = 77T S

 As we can observe that, Trip productlon ‘of each zone matches the desired trips productio
- trips attraction does not match desnred attraction. So, adjustment needs to be done using follow

expression.

Adjusted Attraction factor (An) = Ar* (Ajaeny/Cigen)

where, Cj = Actual Total Attraction for zone | in iteration K
y . T . St
Aj=De tion for attraction zone |

K = No. of iteration

Zone 1 Adjusted attraction (A1) =0 /

Zone 2 Az’= 400%400/461 =347

Zonedz & f='500*5007439«=-_56?/ &

3 T 700%347+7%] : , i

Then, - Tz = ——— =291 trips o *

S 0%104347% 7456006 ——F ,

151 #28¢ o ) e Hemant T 1’

.
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Y 700 *569 " 6%
e Tags = e = 400 frinye , VIR —slnat
: 0*10+347%7 = 560 6 B i b L 1 Y )
_ 200%347%10%] hz«__“ (; “’ﬂ~ 0% 700
: i e = = e --“L’L .1’:’ 7
Tyas 0% 7+347%104569%5 _ 110 o :i “To
: : otal 0
‘ 4 ! i '
. 200%569*5*] F;Ts.,ed:\m et
5 iy y * * l
Tiaz 0% 7+3477104569%5 _ggyrips . | Atraction [0 |00 |s00 | |
\/ [

' After second lteratlon the trip matrix takes the form as in adjacent table.

Modal split models s i T

1 Gomg’somewhere not only involves a choice of route but also S0_a _choice of transport mod

* distribution of trips over the various transport modes (car, bike, pubhcﬁxeTxcle e;t)j is cgu:d-]t‘::

.m_od_alip_ll_t Modeling transport mode choice is one of the class,calmblems in traffic engineering. -

. [¢ predicts the no. of trlps using: the particular mode say, hicl ublic vehicles. The
"model split modehng can be either done before or after tnpailsmbuaon—accordmgly they are

i clas(_syled endandtn mterchan modal split model respectively.
| 'I‘ypes oLmodal spllt models : : i )

1 Tl‘lp end modal spht models

' The models whlch arwgg;&euup_gwmy _personal characteristics callﬁed'
Tgp-,E.nd:'Ey_pe Modal Split Model. The basic_assumption of the trip end type models is that

. trapsport patronage is relatively insensitive to the service characteristics to the transport modes

: and (15 determmed p_rmclpa_lly by the_socno economic characteristics of the trip makers (income,
" tial de wnership). Trip end modal split models are used today in meditm and

- small sized cities. The advantage is that these models could be very accurate in the short run, if

- public transport is avallable and there is little  congestion and limitation.is that they are insensitive
- to policy decisions; for example, improving public transport, restrlctmg parkmg etc. would have no
7 effect on modal split according to these tnp end models.

Z Tnp mterchange modal split models

4 Modal split models that followed the trip dlstrlbutxon phase are normally termed trip mterchange '
. modal spit models. This is _post dlstr@_ui;.lgn_ﬂ@gl,lhar_is_mg_,l_sphus_apnhed after the

. distribution stage. This has the_advantage that it is possible to_include the characteristics of the
- journey and that of the alternative modes available to undertake them. Most of the trip
interchanges modal split models -incorpo easures o Wcharactenstncs of
. competing modes as well as measures of the socio economic characteristics of the trip makers. [t is

- also possnbh_to_mcludm in Trip mtercharges modal sght and thus is beneficial for
. the long term modeling. 4 .

L Trip Maker Charactenstlcs

f the thg standard or economlc status of peoplé is high he will prefer ta go by his own Private
| ~vehicle, whereas the iower class peop'e veculd prefer tc- gc by bus or 2ven on fout. Also th‘e‘ HH size

-

6172z3e. ‘ : dgmant Tiwari
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arge they would prefer to use eithg, |

y in that case

and structure also affect modc_ choice. If the fanuiy 15 i
public busor taxi as bike may not be the feasible solutio!

» lncome
> Vehicle ownership & availability 0
> Family size and composition (coup

» Possession of drivinglicense
> Habit of the trip maker and standard of living

» Residential/ pépulatnondensnty v

[l. Characteristicsoftrip = i : . e |
. »=Trippurpose ( Mostly work trip are u ken on pw
o 5 afe difficult to -accommodate by public modes)

f vehicle in HH

le with children, retired people)

- % Time of day ( Late mght trip
> Trip length (Trips of longer through public vehicle)
» Accessibility to our destination. (If we can't reach exactly to our destination from pug;
mode, we will look at option of private vehicle, but at the same time if there is shortz
of parkmg spotor 1fthe parkmg cost is very hlgh we Wlll prefe: to go by public mode)

length are undertaken

I Modes or Transportatlon system ch cterlstlcs
i / e
Qur will while usmg any. mode is ‘to reach the destination as quick as possible but maintainir
comfort level and safety.. Th[s is rare to. be achieved by public vehicle thus preference is given!
de reliable with lesser station and less delay then the usa;

private vehicle. If public serv1ces are ma
~of public transport may increase. We also prefer to useé that mode which has low travel cost.

Relative travel time of each mode (in-vehicle tlmemn_nwime),
Monetary cost of eachimodes.” < AT > ' '
Comfort-and convenience ofeach made. s
Reliability and reglﬁ;mf_each—mode' -
Parking availabi S Eatd
Protection and securlty level of each modes

C.omt2

VVVVVYYVY

Environmental charg’ic : : S e i
Condition (High rainfall forces to shift 'ke car, bus rather thangke)

"3 Road conditton and visibility ( Poor visibility and worst road condltlon dlscourage t

private vehicle use) . -

1V,

. ; s

V. Extraneous factor: -
» Nepal Banda, Lack of petrol, Odd and Even registration number plate operatlon

—

i
g
}
B |
)

Utility and Disutility Function:

A utility function measures the degree of satisfaction that people derive fmm—w.i-ce?;'

disutility mncnougwsﬁmral_wl associated with all the possi
models. The utility or disutility typlcally expressed as the linear weighted sum of vari¢
- independent variables (mostly travel tim sts). Various modes may have same or__dxffef

utlhty functlon A utility based modal choice model estimates the market share ofeach mode b

on or disutilitv associzted-with it. If the traveler can select the mode with vith highest utth}’J/

th’e)nggal is called deterministic model, but the modes are selected in pW :

modal utlities (ali the mod’es have certain sharej, then the model is calle d yrovakilistic mo

Thttps: //C|vmneermg notés/ -
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iaﬁQHShiP petween this [H’opmliun and utilities of competng modes lias Decn Poriigiatnd

rar 10US forms, but the most popular one 1s Logit mode! which can be applied for oo
o 1peting modes. When applied to discrete aumber of alternatives, these random ity auce

re called discrete choice model.

Mu Itinomial Logit (MNL) model

share model that divides the group of travelers between the various
ciated with each mode. If an individual has to make a ctoice
des. Then the utility or disutility function associated with 2ach
ndependent variables (cost, time) are obtained. If
the model-is deter ith highest utility value. But the mears of
per ception of highest utility may varies from individual to individual and different individual may
“hoose different mode choice. So each mode has certain share of total proportion.

The logit formulation is a
"‘odes depending on utilities asso
hetween available “i" number of mo
va ilable mode is calibrated and required data of i

“i" out of a total of “n" available modes is as per
/’_ -

The probability of choosing alternative mode
mu ltinomial logit model or sﬁimw:

. o g, g BIEREES - AU
P| =

n

.Z_e,,u(i) w e 7

ere, p is called cﬁggggjb\nparameter, whose value need to be determined through detailed

investigation and for simplicity p=1 is assumed. Thus the logit model becomes - &
] ‘ radl S TR
‘ ' e : :

P =

o aU()
2
: ; i=1
Where, Pi= Probability of choosing alternative “I"
‘ U = Observable utility of travel mode “I"
n= number of alternative travel modes.

finstead of utility, disutility function is provided we need to convert it to utility function.
rQ[‘ th]S, 3 : ¥ Ul = 'ﬁ * C” e e W : ‘
_ ~ For numerical pufposé we can consider f =1

-y e

AL: A mode choice mg@g_[_fcigfg_cﬂifng@z;ﬁqlbﬂing modes: Autos(A). Light rail (L)~,
buses (B) & Rapid rail (R) with the utility function (U) as shown in tables. ,

Function: Cost (C) Time (T)
U(A)=3.2-0.3*C-0.04*T 5 30
U(L)= 1-0.3*C-0.04*T " 3 25
U(B)=0-0.1*C-0.01*T 2.5 40 ;
: U(R)= 1.5-0.3*C-0.05*T 6 s 20 s
Whefe Ciscostin dollarsand T is time in minute. ~ = e RE AR R 3

- (a) Based on estimate that 12,000 workers will head for downtown each_morning, how many

) \lf:orkers will choose to take a particular mode?- . poll
L ﬁng::temment subsides l_ight rail bv 30%, buses hy 20%, and,féil rapid by 10% and the.samre
Increases automobiie gost by 15%, what will pe o o dal distributionz ©

: . g : rifemant Tiowari
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rility funcliofn we atitan.

Solution: just by substituting values to t
' U(R) = -1

U.(A) = 0.5'; . U(L)=-09; U (8) = -0.65

G ' . Pi=
Now using Logit model for probability of usage of each mode Fi = =

Now probably of usage of bus P(A) = 57.85%
i P(R) = 9.56%

CP(L) = 14.27%, P(B) = 18.32%,
Thu‘s 'no.’ofw'orker cﬁoo_sing various modes are as: ;
| A Auto = 57.85‘% *12,000 = 6942
Lightrail = 14;27%:k 12,000 =1713
Bus =2198 '
' RapidRail=1147 | : S |
After subsidies cc-)ét'of. _L,,_‘Bvand R de’creaégs'_whereas cost of Auto increases whereas time remain (
constant ' ' .
Cost of Light rail = 3- 3*30% =2.1
Cost of bus = 2.5-2.5*20% =2
Cost of Rapid rail = 6-6*10% =5.4- e
Cost of automobile = 5+5*15% = 5.75
| Now the utility function becomes: |
'U(A)=0.275- -U(L)=-0.63 U(‘B)‘='=0.6 & 7 UR) =112 23
Then probability of usage becomes oy 2 _ =
P(A)= 48.33% P(L).=19. 55% P(B)= 20. 16% & _ P(R)= 1-1.96%_

Now, no.ofworker choosing various modes is summarized as below:

Using Auto = 5800, Light rail = 2346, Bus = 2419 & Rapid Rail = 1435 '

Traffic Assignment Model:

Reute ‘ass‘ig'nment, route choice, of traffic assien ent is the final st
step modelmg process that concerns with the selectio utes (alternafive called paths) betW’

ogigins and destinations in transportation networks. To determine w._ms.tsand-bﬂﬂ
edag “J

we needto Pndw e number of trav - T network

vork (a route is siff
chain oflinks bc.then anorigin & d MisH

n g estinat tion), whizH .s detecm: ced bv rip asw'uwe, i
- ‘—\w\ P4 3
19| P2ge - : _ sl
P2z Hemanto 1%
https://civinnovate.com/civil-engineerng-notes/ ;

-— ———

Scanned by CamScanner :



with the supply side of , —_— ‘
‘ASS deals_ ; Bt ?“ ide of transpoitmodeling and the equilibrm et
g - 10 81 ' -~ > . sy TR sy 7, & GEn
and supply- Traffic assignment involves computing one or more aprimal (usaatly he phoibsaia
igin and destin ; istr s ptimal Lusuapy wtest) rogee
ch origin ar ation and distributing travel demand over these routes. The cum of

L Crips along these routes over all OD pairs results in a traffic load on all links and nodes

ignment

y trip generation and trip distribution is computed separately per trip purpose while traffic

,» WM[ trip purposes simultaneously 1e aftec comhbining the OD tableg per
. - “surposeinone table.

The fundamental aim of the traffic assignment process is to reproduce on the transportation
attern_of vehicular movements which would be observed when the travel demand

'gxstém-, the D
"ﬁpr_qented by the trip matrix, to be assigned is satisfied. The major aims of traffic assignment
rocedures are: - = R
B o estimate traffic volusme on.the links 0f the netork and obtain aggregate network measures. -
5 To estimate inter Zonal travel cost. . . : 7 , ‘

13, To analyze the travel pattern of origi tination (0-D) pair. - ;

f ested links and to collect traffic data lﬁﬁﬁiﬁ%ﬂl&dﬂm&rﬁjﬂc—d%& .

4. To identify con

—c—

Sa

esenting traffic demand), vehicular
g e = e
and route selection rules.

iBasic Inputs of trip assign
demand (personal trips nee

ment model are: T;Lgmatrix (repr
d to be converted to vehicular trips)

An overview:

Trip assignment process:

« The process be ins by constructing a network map showing all the possible paths that trips

can make within the study area.
dentified and the sections between them (called links)

« The intersections (called nodes) are i

can be identified. | R,

W-f ‘ N -

- o After identification of links & nodes, the len th e of facility, location in t ; ber
(fares, headways and route d iption is i ded in a

of lanes, additional information

_separate network. :
e These all information he he traveler might take between any
nes to these paths.

two points on the network and to assi

« “The output of the analysis shows the paths that all trips will take and therefore the number
.~ ofvehicles o1 each roadway and the number 0f paSSENBELS in each transit routes.
.« The terms “shortest and typica_lly,[efﬁr»io_tmvel time, but elaborate equilibrium

fOfm—UlatiO_hJS#éEEOUHHt’fOr' gergggﬁzm, which include travel time, fuel consumption or
ssible driver choose the shortest route, but

- fare price or other parameter. As_far as _po
criteria of choosing may differ significantly between drivers. ~

N Wa distance, monetary, congestion and
queues, type of road, scener road works, reliabili of e and habit, but as it is
difficult to incorporate all these factors in quantitative way, a term “generalized cost of

travel’ s used for selection of short route, which incor s time and monetary costs

{fuel charges, parking cost, fare, toll, etc). .

Ips to determine the paths thatt

- s o

ati ftraffi ignment: Ry PR o A Ehe S
ficiencies of the

s of the network: Shortcomings/de
iency) Qy assigning the present or ever furure

(3) Gf“'?i“&inSight in the characteristic
trips in the existing system.

.
‘ B P AR S
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SCenaiios, a .
nd future netw 1GTK idi Mg,

T » : ¥ a g S
(b) Traffic forecasts: With regard to current Action re 5151aANCe, etc) are C_'.‘mm.\,c\
aspects (link loads, travel time. speed. congestion. s y Ky

_be ble to forecast the future traffic situation: ;ﬂmﬂwmﬂimklﬂﬂds designy
(c) Supply of design data: The evaluated network: Sb - anslated in lg\(
traffic volume, turning movementS) 'should be

lnfrastructure. : d additi
(d) To evaluate the effects of li rovements an 1 network:

e
System by assigning estimated future trips to the improv ey bt )
(e) To develop co ction priorities b assigning esti &)

isting trans Otz

T proposed for those years.
10 theg{fwj&" system propose m’aﬁjy_syétematlc and readily repeats;
(f) To festa ternatue_tnanspox:taaon—system p 3
_pLchdures,

at juncti
s and turning movements at junctions.
d traffic assignment, impacts
hich are of importance for

. (8 Ton : n hour traffic volume o
(h) Mﬂ_@%&i&&ts On the basis.of compute
noise, air_pollution, energy consumption and trafﬁc safety w

. evaluation of plans, can be cemputed. .

Types of tra%c/mgnment models B

ser equili hum_as&gnment (UE) Method,
. S_ygt_gnoptunumassgnment (S0)
e All-or-nothing assignment (AON)"
e Incremental assignment method .
o tapacnty restraint assignment Method
e Diversion Curve me‘thod etc.

Wardrop [1952] has establlshed two mutually independent prlncxples of route chonces .based
- underlying behavioral assumptlon of route ch01ce

(a) User Equilibrium (Wardrop's first principle) : A551gn 0-D ﬂows so that no user of the sys
can unilaterally reduce his/her travel costs by shifting to another route. Users choose
route that minimizes their own travel time. S SNy s ;

(b) System Optimization (Wardrop's second principle): Assign 0-D ﬂows to paths so 2

-~ minimize the total (average) system travel time. Based on this prmcrple the ;raff
arranged in congested networks in such a way that average (or total) travel cost%j
whole network is mlmmlzed

-

Minimum.path technique or All or Nothing method::_ -

It is based on the assumption that travelers are rational travelers and they want to ust
minimum impedance (least generalized cost of travel) route between two points. Thus the f
shortest path (i.e. path with minimum impedance) will be loaded with all

have zero volume. Thus the method,itﬂm%od”
’——*‘“""‘M —_———————— — S

the volume and ¢

— —n =

Assumptions: ;
§ + Link-costs are fixed i.e. no congestion -
e Alltravelers think in similar way i.e. each driver choo

| } 0-D pair. quqte for samG’
1 .
po A‘*lvt:a velers are asswned to one partncular route and none to others.,
N [ 4
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tions are reasonablie toi uncongested netwounk arithn fe it
5 : > ¥y LES | W iy
1 really gg,\,zas,_a_dcsn'f_zlm_c i e what drivers would do if all <he
— e e what drivers waou'o 40 1] JUCanICes Z/gTe M, "
— 44, ~ 1 £ s

ot an influence X P . ,
ifluence, but the main drawback 1Ay D il Lan-Lause 118

il ;
LIPS0 B E il s

prothto = o —— :

] —nd it c_nges,ucm_w;ls,_u

k KS ro be asSi"ned,!EQEQLr—ale’l-"«o—mﬂ]ﬂ«maﬂ.thg.lkﬁ,ﬂ'_[lﬁgi}’_ﬁ! the original assumed speed. it

1 . ’ 2 5 et - LA SPELS LA A

e a;,;;;gngr,es,lhe_faﬂt_thallmkimvpl time is.a function of link volume and iu:,.,i there :
r that multip le paths are used to carry traffic. e,

yath with capacity restraints:

ginimu™
_ the.flow incre;jses towards the capacity of the stream, the average stream spee
é free flow S Ceed to the speed.CO ~<panding to the maximum flow. That means traffic conditions
: _ ion s developing. Thus the assumption of ALL OR_N y 2sn't
O e 8 - . .

- : ; has been developed with following

'aué_uhe__minimum

'Gm

rigin to all destin
edance coded on links of network. v
signed to the links in the minimum path and the trips are

First calculate t
time path is use

; ed.
onger travel time on that link

%o rip volume is then compar
" Tfalink is cong sted the travel ti i
Changes.in travel time means that the est path ma change.- -
Mq is repeated several times.(ite@ed;&&wfign
2 e gilibrium between travel demand and travel supply i.e. trips on congested links will be
b Swg&cwwiuihbrium condition occurs.
This trafﬁc-ﬂow-dependent travel-time relationship is re resented :
'MM&MMWM; T O
< aias o i AR SR S o @\ &
F : : ’ i Q T;‘DX\‘YO((_—A'
rToiea || Qo

: The assigned t AUy Capd
justed to resu-lt_inal

max : : :
Where, Tq&Toare travel time at "Q"rtr‘afﬁc_.'__f;llp_w and zero flow respectively @/)@r&
To = Travel time at practical capadgy;*'0.87 T : 4- e
Q= Trafficflow -~ 72 o8 <l S i Iatiyab
Qmax= Practical capacity = (3/At ofsa'turatidn flow) - —( D= c’)@ ,D}g? -
a & B = constant parémtqt"tiSUélly 0.15 and 4 is adopted.- ' ' a 4 v{j
Pa % : : L 5 - m

(s)_ Multiple route assignment:
4th as the criteria for judging the shortest

are distributed in all the available routes
£ ilable

All travelers may not judge the same path as minimum p
Then the traffic load/flow

route may vary within them.
based on the generalized cost of travel as done_in multipomial logit model. Thus all th
-.9}_1}351‘@8 certain flow based on its impedahce factors (generally costor travel time)

-

Supply Analysis in Transpor ation Planning:

Tl"ans -' ) - :
Lransportation system is consists of system user, mode or technology of travel
ehaider that either influence Ol

,in

“petff:) modal connaction for transfer znd stak

Perform ‘ P

ance. impacts and cost of transportation system. An economic system i

"-,;‘ [ R : . ' |
. https://civinnovate.com/civil-engineering-notes/
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- . or he supported by the &
Y, Cmpents that inust oe 3UpPY YyiIne trape =
activities located in different areas generatcs :novuncm: ju e Sp
y g Pl - W
- system/supply. Thus we need to have idea aboutd el e
‘Transportation Supply. Above discussed four step mo i

with the demand aspect of transportation system-

s Transportation U‘-‘maud g
and use models basican-j dg@!

, S s i . heir frequency) and
Transportation. network, facilities and services (Veh'de;u;g& tis expressed in_ termg
characteristics are referred .as transportation Supply— Sty s g
infrastructures (capacity); services (freque d networks (coveratgreu)(.:capa tyct?mr:i\iise?s&
i“WStatic capacity bas! deg's o2 I;Ja:citv relates to improvemn::a.!

E e TR ' acity. Similarly, Dynamic cd : ent
er terminal will increase the capacity '_/’ttegy. Capacity of the "Om
=Z o 1

|

' Capacity via use of technology or some special management stra
¥ k . = H -
improved by use of co- ordinated traffic signals:

™

The riumber of passengers, volume (for liquids or containerized Wafﬁc),ms.(for freight) th

€3N be transported per_uni ime and space is commonly used uantify trans OLt_s._um

Passenger-km (or passenger-mile) and ton-km (or ton-mile) is a common measure-expressing th
* realized passenger and freight transport demand (as well as supply) respectively.” - - :

e — ={ Parformance measure };‘ : : g .V L sl
e _ ' - \!dentif_y feasible policies, | : : » /m e S
@- - -~ |' projects or s:rztegies : ; - s :

f S, P

Performance measure ‘Demand analysis

l Performance }:

Ty ' | Q) .
i » l Impacts ] lﬁos“ﬂj ' —. |

Y ' ‘ ' o

L Evaluation j

Y

ly analysjs

: 1S In tr
kage as.discussed below
formance and

ansportati :

imp,ox:tant_,determmanLq SF th
-~ performance in turn penerafic 4 —

; mand for
X ene these :
- demand and_supp; Fenerally depends upomrine | SCLVices.  Transportati

.......

' demand is derjveq

. https://civinnovate.com/civil-engineering-notes/
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o.[)e,mnnri for transportation, migasiis of ryepts
: , : IERAIRT} DS TEEEST ST WL S ER A it 4
ol » 3 y 1 1 b S
lection of bestor niost AUPTrOEriate ailternanve s
g ks EVT ] RS FYES W 3  §X7 flig” 2
v ¢f, - "

1age © " i for se
LIl ,;uioﬂ crltena for s¢
e |terne jes: I;\'aluallon of various alternatives «4vt considered based
=) which incl cienc . ¢ jered based
E;FQ tiven€‘55 (Mob) udes efficiency, equity, feasibility, adequacy. Ninancial analysis
f current and forecasted system performance, 1impact and comt

alternatives and after the evaluation proceis we

The estimation o
et with present demand.

o the identification of project

propriate solution, policies or strategies to me

. kage
LIT * teristics leads t

ra _
| Cha e-\l\'ith the mOSt ap
| e -
inkag 4: This lipkage is relatively ,newataﬂanspoctaﬂon;planning_and__geﬂecm the trend toward
| al qonitoring of transportation system performance. The feedback from both demand and
0 d to determiné where deﬁcigncies_tz_xjsnn_th_e_tLa.ﬂipp,r_taﬂon.ﬂet‘:'v’oI'k that can
- solving potential problems. Thus, the cycle gozs o1

su

- T T
=)
RS-
\S. .
5 N
= o
=5
— |
= %
RETY
=
w
) (]
B Y]
imd
(@)
_.'3
@]
K -
¥
(s d
=
[W¥]
-
(o)
0,
%]
.
Q

d from the perspective of the users and operators:
hicle and out of vehicle).

mance can be viewe
t, travel time (in-ve

in travel cos

\_sn

m perfor

ive: interest
celiability, €t : : , . K | |
| tive: route frequency _-vehicle cycle times, route capacities, and operating
- costs, etc- e 5 SRR |

- perform ce characteristics of transportation facilities includes average speed, Volume, Rate of
il r (PHF), Density, Capacity, Level of servjce, Headway, etc :

R

' Includes examining
de scale. Adding road, lane, Of adding
nologies, adopting regional
mparatively long ( 5 years

area wi
dding new ITS tech
ame is CO

ot a regional or
es to the existing network, a

land use or taxation policies etc. The planning time fr
d so does the complexity of problem.

(b) Operational and tactical planning: | '
gory. These Sorts

der this cate

comes un
cies. How Should a transt

operating agen
can traffic_signals be O
se sorts of planning is

eWUal time frame for the
ation_services: Scheduling of public transportation to route and
task for public transportation

() Scheduling of transport
. assigning driver and conductor (helper) is the major
operator. It he ze operating cost and usual time: frame for these sorts of

planning is about

ajor Supply Vari les for Tr rtation Modes -
bir of lanes, capacity of the velicle speed

?03(_1,Tl}e‘main supply variables are road width, pum
nventoryand frequency of service (for mass transit)

E;jl_-_'The main supply variables a
pacity of the vehicle, and speed of t

" alternative mo
transiting faciliti

links, or terminals etc
important for the

about

Ips to minimi
3-6 month.

re the number of tracks, -capacity of _stations and railyards

Le yehicle. :
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S, babac’it)f of ancrafts ﬂequency of servftﬂs
idor is enormous.

of ships:. frequency Ofsel’wcesa,,d :

‘Air The-main suppl" vauables are capac1ty Oféllrport
and speedof the vehlcle The capacnty of an airline corrt

s .Ma“t'me The main Supply variables are port capacuty capaClSty
ASPEEd of the’ Shlp The capacity of a maritime route is enormou . s | |
re the main supply vanables are the

ecial category whe |
Telecommumcatmns They represent asp g satellites, etc.). Dependmg on the f

as,
capacity of transmission infrastructures (cables antenn: numbers of cal :
‘transmitted information, supply will be expressed in bps (bytes per second); in The develo; m::S l;ﬂ :
unit of time or the number of minutes of available transmission (antenna) time. . nfor P % n Of !
the lnformatlon hlghway has expended tremendously supply for the transmlssmn ol ' mation. ]
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Chapter -4 Transportation System Analysis | :

Prolect Eva!uahon
- )> ‘It is-the
roc -elative.in ‘ ives i.e. diffe,
" courses gf acfSS of determining relative.importance of individual alternatives i.e. diff,
gt ion and desirability over other alternatives =nd of presenting informay i
> Fora gn n;akers_ﬂj comprehensive and useful farm cision maker. ‘
g
> Evalu ingle Proposal too, decision maker has two choice: Do it oF Do Nothing
i ation provides information on estimated Impacts (positive and negative), Tad,,
i ; major areas of uncertamty assocxated wnth each alternanves'and finally helpi,
e o decision making. |
e ed -\\ :
BLE S ~Deter '
PR e mining the de abxh@ah alternative requires = .

posed actic,.

LR - __ _0  Defining howvalue is to be e measured _ v
T -o—Estimating-thre-source and timing of the beneﬁts an‘d~~costs of the-prol
wﬂﬂ_ﬂﬂ-ﬂfﬁeﬂl\leness for -,
. . :

. e

o ATesl S Ter e ST Qm‘pa“n”—-th—ése—beﬂ%ﬂts—and_cosu_w_deter.nlm

NI b s el alternative. . - A - N

" Multimodal transpm tation- plannma p, esents a speCIal cha]lenge to-the evaluation pre:
d out when all modes are anal;

Multlmodal transportation planning is best carrie
sxmultane_ous]y and interactions among the modes are accounted for.

Pro ect Evaluatlon Histo B > NP o ' : '
~Before 1960, the basis of evaluation was just Compal ison ofmonetary beneﬁt & cost
Then Maximized return”from the. mvestment was’ taken as the best cnterxa for pro:

-V Y

selection =
ty commumty cohesxon, energy consumpt'

. After 1960s; lntanglble factors (alr quah
~equity, economic. development) were also considered. i : _
- Nowadays evaluation are based on effectiveness, ‘the eff1c1ency of resource allocation,é

WLDH of resources, feasibility oflmp ementatlon etc

Vo \-j'

' Principle of Generation of Alternatives: -
>  Alternatives should be defined in terms of their concept and scope
ased on all reasonable option and cnteria's and latel
v’;;;:z?———""“

> A]ternatlves should be deve]oped b

>
-~ bec
» -Alternatives should be_ conlpatlble

compatible with community values, goal
ch alternative has to

thE.‘S

pedmww ie. it mus!

and objective.
be developed for future trade off whlch inclv

o
costs, impacts and benefits : _
veloped .to make evaluation a competmve task and “ehould!

iy s> Alternative should be. de
DAY refined in the light of the information developed on its per formance. - - - s
nd refined in an open and well documented process ‘\Nlt]’lc ew“

> Should be xdentlﬁed a
" and feedback from all participant and stakeholders G

Ma]or Question during Evaluation Process:

» How evaluation techniques C be selected?

» How intangible impacts 2re be quantified?

> How can egu:tv be considered in evaluation?
be treated in evalution?

. » How concept of time
.. % How can discount ¢ rated.be estimated?
1-QUSCOUT

Cha acteristics of bva]uatlon Brocess:
Carefu! considerarion 0! fissues or problem e

ideration of uncert2inty. - ., .
TTmrino ~f alta-miative consmerlnw.x CLgect; e
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:JL

[t should be onentcd tow ards the decision. (Selection of evaluation criteria, =iz
horizon, scope of analysis, etc) S
Should access financial feasibili ty.

Should determine how different groups are affected by each alternatives ie.
associated with each a]ternatlves '

Provide information regarding community value in understandable form

Should analyze implementation requirement of each alternatives.

O'V‘_-‘._'_(p
cesiglaly

‘Should be Sensitive to time frame in which the project impact is likely to occur.

Evaluation should produce information on the likely impacts of alternatives at a level of
aggregation that permits levels of assessment (regional transportation planning).
Evaluation should provide information to decision makers on the value of alternatives in a
readily understandable form and in a timely fashion.

CRITERIA/BASES FOR PROJECT EVALUAT[ON :

1.
>
»

2.
»

>
3.
»

4/
>
>

5.
»>
>

Appropriateness: .

Does alternative satisfy commumty value goal and objectives? -

What information requlred Lo} and tradeoffs is required for the decisions that
need to be miade? - ' '
Equity:

Is there is proportlonate dlstnbutlon of beneﬁts and costs among,dlfferent groups of -
community? ‘ ==

‘What is the impact of p_c»]ect on the non-user of the t@ggﬂ

E;fectweness y :
Can alternative likely to produce the desired results & to what extent community 8_03}_5 are
attained? - - - -~ S :

Adequacy:

Are all alternatives considered?
M
Does the alternative correspond to the scale of the problem and to the level of expectatlon

' ofproblem SOlUthl’l7

Efficiency: - :
Does the alternative pi the cast? :
Does additional benefits is worth the extra cost’ (While comparing with alternative of least

cost).
[mpleme o
Is funds are available to 1mplement the alternatlve on schedule
Consideration administrative_or legal barriers to alternative 1mplementat10n (Are there
any groups who are likely to oppose the alternative?)

argin of , for financial feasibility. ,
What adjustment is necessary if this margin of safety is exceeded?

Sensitivity analysis: B - hanged?
How are the predicted impacts modified when analysis assumptions are changed:

What is the probability of occurrence of these changes?

‘_ "c'(eﬂ.rg Cf l.LAAu » 1

Prescreening Criteria. 4 : : . L

D“_".a ! (‘r!tr.roa
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1. Prescrecning crite o g
. ‘ere we Derform ‘l'cs-No QUCSUOIL in this step we decide whetheor to [ake .,
¢valuation Step or not by answering the following question. o th
2 Isthe alternative consistent with regional goals and objectives?
Is alternative affordable? :
> Does the alternative have irresolvable environmental impacts? :
- > Does the alternative have an irresolvable community or agency OPPOsitipyy
> Isthe technology available? ;

ria:

2 S.Creening criteria: .
~ Here we go in detail of those alternative which have passed in aboxllg Stage
- How consistent is the alternative with regional ‘goals /policies?

How affordable is the alternative? . 2 e :
‘What are the primary environmental Impacts? - BTSNt
How well does the alternative address the corridor's mobility problem?

VVVYV

- 3. Detail Criteria
(@) Performance Criteria , B R
ot > Travel Time, Delay, Reliability, User, Corridor congestion, g
e utilization, Impacts to goods movement. - - e -
.- (b) Impact Criteria - . ‘ s SN L e S L e
k5 > Displacement, Endangered - species;. -neighborhood disruptip
~ material, air quality, Direct user benéefit, ‘environmental justic
value, etc Yy : . e e :

3

©1 " Various Benefit & Costin Transportation Project Evaluation '{ 2! 8 @ R
. Several characteristics of benefits and costs affect how the

: 1. Real and pecuniary (financial) impacts:

- real benefits are realized by consumers or that add to a community’s overall
— Pecuniary benefits are gained at the expenSe of ather individu = il
land values resulting from improved tra sméﬁﬁeﬂacgegsibility,- '
2. Director indirect Impact: :

- Directs are related to the objectives of the jn
— Indirect are by-product. (I}_E_F_gg_s_ed dem
3. Tangible & Intdngible 4

~ - Tangible can be assigned any monetary value. : | Y
- Intangible can’t-be-easily measurable. (Aesthetic beauty gained/déstt

- constructign) -~ Ly el g
4, External & Internal AR

- Internal & External impact means im acts withi o
hi 54 ina

— Pollution of vmmm Kath .nd outside o

5.

wln L om s T

y are used in the evaluation|

Selection Consideration: Capital ang

_While evaluation we compare cost wit
cost. But in caseof beneﬁt, we only exy
— d

Opérating
 benefit, Mostly the cost is capital cost 25

T ber;'eﬁt Only after the completion,
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S Chapter "4.'57?1""an.spért'aition-Sy'tta.-‘ Analysis;

—ild A1l

et A T D

- 3 R
e G T S

- Thus Capital Cost aSSociatgd‘with each'_;a!vtalj;‘{ati_ve has important par:s to play in Evaluatisn. -
fnitial capital costs include.cost ot infrastructure deveiopment (

) B . . 3 ; ¥ S&.al'.(.l(‘.lg from the- CO'ndeptua~i
cesign to the.point whelje the project is being completed). Capital cost may be both et e el
- s indirect. Direct Ca

_apital cost related:to transport project includes Land acquisition charge_Cost
associated to demolition works, Earth woi rciase of vehicles, etc O'[S_é_fgiing cost includés cost
~ Xsociated with o erations (fuel charge, expenditure on employee) maintenance of rOadWay as
well as vehicles, and rehabilitation. These_Indirect operating costs include expenditures required -
. §F other government agencies (i.c. additional costs for police agencies to enforce: speed. limits,
parking restriction), and the sqcietal costs of additional air and noise pollution as well -
environmental degradation, increased congestion, Dislocation of business and agricuTtural area.
and many other. S : - o o
Also the benefit also may be in any of the above discussed form such as direct, indi
intangible as well as tangible benefit. Benefit can be summarized in the following point
“ Reduction in travel time, dela ‘ | e :
Benefit from reduction in-erashes— .
Increase in-employment level :
Increase in mobility, accessibility, trade .
Benefit from reduced operating cost. and so on......_..

rect, social,
S: '

.

*
o

o
g

L)
°°

LJ
o
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