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» Task of trip distribution model is to distribute the trip generations for each
zone(trip productions and trip attractions ) as predicted by the trip generation

model in order to predict the flow of trips, Tij, from each production zone i to
each attraction zone |

* Many types of tip distribution models exist. These include Gravity model and
Fratar method. The Fratar method (or Growth factor) was used in early
transportation studies, but which is now used mostly for short-term updating
of trip tables and estimation of “through trips” for urban areas.

« But Gravity Model usually is used widely

181353 Urban Transportation Planning Source: Khisty, 1998 by Thaned Satiennam
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« Analysis of trip distribution is the second step of Urban Transportation
Modeling System

Urban Transportation Modeling System or
Sequential Four-step Model

Trip Generation
Astaunnadunlauazduganta ? I1urutvinla ?

Modal Split
Which mode?

v

Traffic Assignment
Which route?

(source: Pongrid, 2549)

181353 Urban Transportation Planning by Thaned Satiennam
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1. WULRNAANBANNUANLIN NG (Gravity Model)

2. Fratar Method (Growth factor)

181353 Urban Transportation Planning Source: Meyer, 2001 by Thaned Satiennam
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Method of Trip Distribution

Methods usually are applied for analysis of trip distribution

1. Gravity Model

2. Fratar Method (Growth factor)

181353 Urban Transportation Planning Source: Meyer, 2001 by Thaned Satiennam
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LULRNARNANNUANWIN IHNDN (Gravity Model)

. memm AN LtiNgag (Gravity model) aﬂﬂmﬂummq‘jﬂgmmiuummmmu (Newton’s law of

gravity) eﬁ\‘lLZQ‘LL@’J”] LLNG’]\‘]@@?”MQ’NQM‘O@’Q\TZN ISIEATIENRT N‘J@GII’Q\T’J[FIEWNZQ’@\T R E AR AN TAY S
?3%’3’]\‘]’3@@%\‘1@@&

Tumﬂm?mmmﬂﬂu Gravity model mmumiLmummmwwumﬂﬂLLﬂ@mummm@mmuuwum
‘EI@EI‘VNZQ@\‘I LL[)’]LLﬂ?NﬂNuﬂ‘i_lfl‘wﬁlvﬁqﬂ‘j‘vﬂﬂ’]\‘i‘l/\lu‘lﬂﬂ@ﬂeﬁ\‘iLL@ﬂﬂiu?ﬂm\lﬂ’]ﬁ“ﬂ@\‘iL’m’]Lﬂ%‘l’]’]\‘i

» Gravity model seyqn mmumimwm?Lﬁumwmwum’@ﬂ | (P1) %Qﬂﬂ@m’miﬂwuﬁﬂ'@ﬂ ] (T1)) BN

mmﬁ\‘i@mﬁuﬁuﬁfmmLwi@z:ﬁ”uﬁﬂ'@ﬂ i (AIIZA)) wa AT uRd s uS I suAn RuTelns j

[F()ij/>F(t)ij] S aENUNIOLAAIANNAUTUS Feaunah 6.1

attractiveness and accessibility
characteristics of |

attractiveness and accessibility
characteristics of all zones

Trips between 1 and j= trips produced at ix

(6.1)

In the area
o muu ‘W‘Lmﬂ@ﬂ j 1@?U@W%Quﬂﬂiﬂ?”@Wﬂﬂ@ﬂ@ﬂuﬂuﬂﬂﬁ‘m"mﬂW?LﬂuWN“IJ@QW‘Lmﬂ@EI I mmﬂ‘mu”mm
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181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Gravity Model

» Gravity model derives its base from Newton'’s law of gravity stating attractive force
between any two bodies is directly related to their masses and inversely related to
distance between them.

« Similarly, in Gravity model, number of trips between two zones directly related to
activities in two zones, inversely related to separation between zones as function of
travel time

» Gravity model states that trips (Pi) produced in zone | will be distributed to each other
zone j (Tij) according to the relative attractiveness of each zone j (Aj/2.Aj) and the
relative accessibility of each zone j[F()ij/2.F(t)ij]; this means that

attractiveness and accessibility

characteristics of |
attractiveness and accessibility

characteristics of all zones
In the area

Trips between 1 and j= trips produced at ix

« Thus, zone | get a portion of zone i's trip productions according to its characteristics as
compared to the characteristics of all other zones in the study area.
181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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« AUNNTVAIULLLANADIAINNANUINIHNTN (Gravity Model)

T — PiAJ'F (t)ij Kij (6.2)

Where
Ti = Number of trips produced in zone i and attracted to zone |
R = Trips produced from zone i
A; = Trips attracted to zone |
F (t)ij: Friction factor for interchange ij (based on travel time between i and ))
i = Origin zone
] = Destination zone
= Number of zone in the study area
K. = Socio-economic characteristics of zones

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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« Formula of Gravity Model is following equation

T — PiAJ'F (t)ij Kij (6.1)

Where
Ti = Number of trips produced in zone i and attracted to zone |
R = Trips produced from zone i
A; = Trips attracted to zone |
F (t)ij: Friction factor for interchange ij (based on travel time between i and ))
i = Origin zone
] = Destination zone
= Number of zone in the study area
K. = Socio-economic characteristics of zones

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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AADENG 6.1: UNINUHUNNTTUAIAAINIINIZANLANUIUNITAINNITRUNILN TR Uz aad 1)
Yeusasuntas 3 Anuau 602 lllnuw 1, 2, 4, uag 5. IR8A1UIUNNTATINNITAUNGLNE

v

v

TP U9radA LN LA ZN1TANAANITIANNINY NNNWNEANNIUAAUNNTIATIEUNI A ANITLALN

LavAN Friction factor, F(t); Hix1ainnisdneneuutii

o R,
# Zoned N

; )

{602 Work Tripi.,
{ Productions |
%76 Work Trip j
WAttractions K

seajun gy §

' Attractions J

531 Work Trip
%y Aftractions J

[ 47 work Trip |
\ Attractions

Zone 5 \
1 82 Work Trip }
\ Attractions

Figure 11-E7 Trip Distribution for Small City USA, for Example 7 (FHWA/UMTA,

1977).
by Thaned Satiennam

181353 Urban Transportation Planning Source: Khisty, 2003
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&y Gravity Model

N

Example 6.1: the transportation planner need to distribute 602 work-trip productions
from zone 3 to zone 1, 2, 4, and 5. The numbers of work-trip productions and attractions
were determined in the trip-generation phase. Value of F(t)ij were obtained from past

records.

f o,
| Productions J °
176 Work Trip 4
YWAttractions g

Zone 1

. {1080 work Trip)
i Attractions §

{ 531 Work Trip}
§ Attractions

47 Work Trip
\ Attractions

Zone 5

| 82 Work Trip |
\ Attractions

Figure 11-E7 Trip Distribution for Small City USA, for Example 7 (FHWA/UMTA,
1977).

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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VBN
ANNE W socioeconomic (K;) =1. T; gnn1sAuandlfisasaaenasuans
PAF (1), Ky (602)(6,480)(1)
=73 T (473)
2 AF (1), !
j=1

Attractions .
From zone: To zone: A Impedance (min)  F(t), AF(t), T,
3 1 1080 20 6 6,480 147
3 2 531 7 29 15,399 350
3 3 76 5 45 3,420 78
3 4 47 10 18 846 19
3 5 82 25 4 328 8
Total 26,473 602

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Gravity Model

Solution
Assuming that socioeconomic (Kij) =1. Example of Tij is calculated as follows:

_PAF(t), Ky _ (602)(6,480)(1)

T31 5
26,473
SAF(@, (247
j=1
Attractions .
From zone: To zone: A ! Impedance (min)  F(t), AF(t), T,
j
3 1 1080 20 6 6,480 147
3 2 531 7 29 15,399 350
3 3 76 5 45 3,420 78
3 4 47 10 18 3846 19
3 5 82 25 4 328 8
Total 26,473 602

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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LULRNARNANNUANWIN IHNDN (Gravity Model)

AIBENY 6.2: IHavENsznaufon 4 Wuhtas N 2 Wundasifluilszinnnagande Aa A uaz B &9

A3MNIFAUNNAIUIU 725 Lay 575 Wien Axaal #9nisaunielilyg 2 nunteslszinndng
dJ = a o dl o o a I d” dl
371 C 1ay D IAIANITIALNINAIUWIL 875 LAy 425 Wit ANNAIAL DANAUNIY FEUI1NLY
einel AC, BC, BD waz AD winriu 8, 10, 13 uaz 15 11 muanay waz Friction factors (F;) 7
Huannisraanaaun1awingy 90, 60, 50 way 10 mNasu N1ua 1 socioeconomic factor

Kij=1 QIATUIIUNINITNIZANLNITLAUNINIZUININ LN ae (Tij)

asl o

10N

n n
o a - o a P — A
@WHQUﬂW?@%"T\?ﬂW?Lﬂu‘WWQ?QN AATLNINU mummaﬁmmmamumq ZI: ! ZJ: J

anltw - A+B = 7254 575= 1300 trips produced

“9qy C+D = 8754 425= 1300 trips attracted

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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O

2~ Gravity Model

Example 6.2: A four-zone city has two residential zones, A and B, generating 725 and
575 trips, respectively. These trips go to two employment zones C and D, attracting 875
and 425 trips, respectively. The travel time, in minutes, between zones is AC =8, BC =
10, BD = 13, and AD = 15. Friction factors (Fij) corresponding to these travel times are
90, 60, 50 and 10, respectively, taken from the gravity model. The socioeconomic factor
Kij = 1. What is the distribution of trips?

Solution

n n
Productions should be equal to attractions Z P = Z A
| J

From  A+B = 7254575= 1300 trips produced
To CiD = 8/95+425=1300 trips attracted

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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. IALAUNI Fij Kij n1g
LALININ
T — PiAj Fij Kij (119) LAUN
! ZA'Fi'Ki' AC 8 90 1 688
I AD 15 10 1 37
T o 725x875x90x1 00 Eg ig 28 1 1‘22
*C (875x90x1)+(425x10x1) | .
L T5xA2sx10xl [
(875%90x1)+(425x10x1) )
T _ 575x875x60x1 _409\
* (875x60x1)+(425x50x1) -
> =
T 575x425x50x%x1 166
" (875x60x1)+(425%50x1)

/

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Gravity Model

Solution Eurther
Route Trave.l fime Fij Kij Trips
PAF,K, (min)
T. = ] Y AC 8 90 1 688
" Y AF Kij AD 15 10 1 37
BC 10 60 1 409
125x875x90x1 ) BD 13 50 1 166
Tac = = 688
(875>< 90><1) + (425><10><1) 7o
725% 425x10x1 u
Tao = =37
(875><90><1)+(425><10><1) )
T, - 575x875x60x1 409
(875>< 60><1)+(425><50><1) -
> =
T, = 575x425x50x1 _166
(875>< 60><1)+(425><50><1) )

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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= dJ 1 [~ d|9/ dl I = o v a o =3
Example 6.3: HNAIUUILLNT U 3 NNy Nmmuﬂ’]?m’]\‘m’]?mumﬂLL@m’]muﬂ’]?m\‘I@mﬂ’]?

AUNNIBINUNEBLAINITN AIATUIUNIINTEANENIFAUNNITUINNUNE B ANYFAIN k; = 1

Zone 1 2 3 Total
Trips produced  (P)| 700 200 0 900
Trips attracted (A 0 400 500 900

ANTNEIUNIY (LDALAUNTN) e friction factor (Fij) LAAAIAITIS

LIRLAUNIG (KN) Friction factor (Fij)
Dest. . Dest. 1 5 3
Orig. 1 2 3 Orig.
1 5 4 6 1 10 7 6
5 4 5 3 2 7 10 5
3 6 3 5 3 6 5 10

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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~; Gravity Model

N/

Example 6.3: A three-zone city has the following trips produced in and attracted to the
three zones as follows. Distribute the trips between the zones, assuming k; = 1

Zone 1 2 3 Total
Trips produced (P) 700 200 0 900
Trips attracted (A 0 400 500 900

The impedance (travel time, min) and friction factor (Fij) are presented as follow tables

Travel times (min) Friction factor (Fij)
Dest. Dest.
. 1 2 3 . 1 2 3
Orig. Orig.
1 2 4 6 1 10 7 6
2 4 2 8 2 7 10 5
3 6 8 2 3 6 5 10

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Solution:

MIAUINUASIT 1 (m=1);
T = R(AFU)/(ZAJ'FU)
T, = (_700)(0)(10)/[@0)(10)+(4oo)(7)+(5oo)(6)] -0

T., = |(700)(400)(7)]|/5800 - 338
T., = |(700)(500)(6) /5800 = 362
T = [(200)(0)(7)]/[(0)(7)+(400)(10) +(500)(5)] = o
T,. = [(200)(400)(10)|/6500 = 123
T, = |(200)(500)(5) |/ 6500 =77

T3—1’T3—2’ T3 3 = O

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Gravity Model

Solution:

First iteration (m = 1);

- R(AR)/(ZAR)

T, - (700)(0)(10)/| (0)(10)+(400)(7)+(500)(6) | = 0
T, = [ (700)(400)(7) | /5800 _ a3g
T., = |(700)(500)(6) /5800 = 362
Ta = [(200)(0)(7)]/[(0)(7)+(400)(10)+(500)(5)| = o
T,.  =[(200)(400)(10) ]/6500 = 123
T, = |(200)(500)(5) |/ 6500 =77

T,,, T, , and T, , are all equal to zero.

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Dest.

orig. 11 2 3 | Total
1 0 |338|362| 700

2 0 (123 ] 77 | 200

3 0] O 0 0
Total 0 | 461|439 | 900
Computed A, | 0 | 461|439 | 900
Given A 0 | 400|500 | 900

%
o/

an31g: mmumimmmm?mumwmmwmmmim (Computed A)j) 134L‘V]’1ﬂ‘]J@’TL$QUﬂ’1ﬁ‘ﬂ\‘1ﬂﬂﬂ’1ﬁ‘

Qe

Lﬂquﬂﬂﬂﬁmﬂ%ﬂﬂﬁm\‘i (Given Aj) A9131d mmﬂﬁ“umemmum?mmmmumumﬁqummmmmim

LW@mLuumimmmem
181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Gravity Model

Solution:

Dest.

orig. 11 2 3 | Total
1 0 |338|362| 700

2 0 (123 ] 77 | 200

3 0] O 0 0
Total 0 | 461|439 | 900
Computed A, | 0 | 461|439 | 900
Given A 0 | 400|500 900

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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N33 UUARAIANIUAUNIIANAANITLALN:

Ay = [Aj ' A,-(k_l)]/ C it (6.3)

Ak = daunsiensduneivmeidiusdsesiufides |, Ausndiaied K
Ajk — Aj Lfl@ k=1
C ° = a o A o Y & A T S o A
k= A1UIUNIIANRANTTRUNSIINAN AWl AresuRte |, AMurndiaian K
A = SwumsigenssiumaimieiignAseciuides J
J = unnmINuntasasganInaune j=1,2,3,...,n
N = {ruouiunsdas
K = nsauondiaien, K=1,2,3,...,m
M = {UIUNIIATUIETN

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Solution:
Ay = [Aj ‘ Aj(k—l)J/ Cin

Ajk — Adjusted attraction factor for attraction zone (column) J iteration K
A, = A, whenk =1
Cjk = Actual attraction (column) total for zone J iteration K
Aj = Desired attraction total for attraction zone (column) J

] = Attraction zone number, J=1,2,3,...,n

N = Number of zones

K = lteration number, K=1,2,3,...,m

M = Number of iterations

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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LULRNARNANNUANWIN IHNDN (Gravity Model)

ﬁﬂlﬂﬂiﬂ%‘/ﬂLLﬁﬁﬂu‘Juﬂ’]’j‘ﬁ\mﬂﬂ’]ﬁ‘LauV}’]\i"\’m@Nﬂﬂﬁﬁ’]u@"N
|:A 1(K 1):|/CJ(|< -1)

Zone 1: lifastlsuu; A =0
Zone 2: A, =400x400/461 =347
Zone 3: Ag 500><500/439 569

mammmmmwz (m 2)

Tu = [(700)(0)(10)]/[(0)(10)+(347)(7)+(569)(6)] = 0
T, = [(700)(347)(7)]|/5843 = 291
T, = [(700)(569)(6)]|/5843 = 409
Too = [(2000)(7)]/[(0)(7)+(347)(20)+(569)(5)] = o
T,, = [(200)(347)(10)|/ 6315 = 110
s = [(200)(569)(5)]/6315 = 9

181353 Urban Transportation Plénning Source: Khisty, 2003 by Thaned Satiennam
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9 Gravity Model

Solution:
Calculate the adjusted attraction factors according to the following formula:

|:A 1(K 1):|/CJ(|< -1)

Zone 1: no adjustment needs; A =0

Zone 2: A, =400x400/461=347

Zone 3: A, =500x500/ 439 =569
Second iteration (m =2);

Tu = [(700)(0)(10)]/[(0)(10)+(347)(7)+(569)(6)] = 0
T, = [(700)(347)(7 )_/5843 = 291
T, = [(700)(569)(6)]|/5843 = 400
Too = [(2000)(7)]/[(0)(7)+(347)(20)+(569)(5)] = o
T,, = [(200)(347)(10)|/ 6315 = 110
Tos = [(200)(569)(5)]/6315 = 90

181353 Urban Transportation Plénnlng Source: Khisty, 2003 by Thaned Satiennam
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Solution: .
LANITANUINITNTZANNITLALN NATIN 2
est. | 1 2 3 Total
Orig.

1 0 291 409 700
2 0 110 90 200

3 0 0 0 0
Total 0 401 499 900
Computed| 0 401 499 900
Given 0 400 500 900

anLlgea:
mmum@mmmmmummqLLmkum@ﬂwmmmeiﬂ@Lﬂmﬂumwhmmmmiﬁ UL ANIT
AT muumuqumj‘ﬂﬁmﬂﬂm@LmuwmmmquumﬂummwaLﬂummfaummﬂ

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Gravity Model

Solution:
Zone-to-zone trips: second iteration
est. | 1 2 3 Total
Orig.

1 0 291 409 700
2 0 110 90 200

3 0 0 0 0
Total 0 401 499 900
Computed| 0 401 499 900
Given 0 400 500 900

Discussion:
The convergence of the computed attractions is very close to given attractions. This process is usually
continued until there is reasonable agreement between estimated values using the gravity model and

the values furnished

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Fratar Method

ANNFFTIU
Q49

1. N13NT¥ANNIAUN N LU ARTEINUN AN T UARIIEIUIBINITNIZAENT
U9 buiTaqiiu

2. mﬁ?ﬂﬁ‘mmmﬂﬁumﬂu@mﬂmgﬂﬁmmimé’mﬂmm‘%mLﬁuimmﬁuﬁﬂ'@ﬂ
(Growth factor) FUnNINLasLaIENINUBINITLAUN TN

181353 Urban Transportation Planning Source: Meyer, 2001 by Thaned Satiennam
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«, Fratar Method

W

Assumption

1. Distribution of future trips from a given origin zone Is proportional to
the present trip distribution

2. This future distribution is modified by the growth factor of the zone to
which these trips are attached

181353 Urban Transportation Planning Source: Meyer, 2001 by Thaned Satiennam
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L
f ik
=092 L (6.4)
" 0! DY S (ptpe) (g |
0 DS
(oo
k=1
¥
134
f 0 —_— o a i I 1 v .
O’ and G = Rnuaunnaunsresundesfunig | hidewanuartsnu
f 0 _ o - Yo, .
D; and D; = QnunsiaunIesvuiteslanems j utleuanuazilgiu
t! and t° = = F A, n e o -
i i = nsiaunanivundat i 1 j lulewanuazgou

181353 Urban Transportation Planning Source: Meyer, 2001 by Thaned Satiennam
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Fratar Method (2)

Typical formula of Fratar Method

f Df Zti?(
.tf =t0 Oi j k=1
'O DY S (ptpo) (e
- (Dk /Dk)(tik)
k=1
Where
Oif and Oi0 = Future and base-year origin trips from zone |
Djf and D? = Future and base-year destination trips from zone j
tijf and ti(j) = Future and base-year trips from i to |

181353 Urban Transportation Planning Source: Meyer, 2001 by Thaned Satiennam
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t) =t xGF° xGF” x —* (6.5)

dle
t; and tp =
O'and O =
D and D} =

181353 Urban Transportation Planning

2.(GR2)(8)

nsiunaIniundes i il j lutlewianuaztlgiu
o a Aﬂgj zﬂl 1 v .
fR3ELTRUaINUNEae AUNIG |

1% a dlgj dl 1 .
an3eLinuesungasUananig |

o a d” dl I 1% . = =
AMUIUNTTIA LN INURDNNUNERBE L1 LININ | Gl,uﬂ@mﬂmmzﬂgm

o =\ d” cﬂl 1 . = =\
AVUIUNITIAUNINVAIN N AEIUAEINN | Iuﬂ@mﬂmmzﬂgm
Source: Meyer, 2001 by Thaned Satiennam
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o} Df
GF° =—- ,GF° =—
O. D.
Where
tijf and ti? = Future and base-year trips from i to |
o)
GFi = Growth factor of origin zone i
GFE® = Growth factor of destination zone |
f 0
O and O _ Future and base-year origin trips from zone |
Djf and D] = Future and base-year destination trips from zone ]

181353 Urban Transportation Planning Source: Meyer, 2001 by Thaned Satiennam
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Fratar Method (4)

AN 6.4: Nuieiag i a43199uauNaAuNg U gua WU 20 Wen nezanlddanuneas j, k
e | a3 4, 6 Lar 10 Aana1sL lnausaziundesdansmuln (Growth rates) luawnam
25 Uiy 2, 3, 4 WAz 5 AMNAIAL A9ANUINNTNIZANLNITAUNNSa nUngas i 1 j, k waz |

Ttlaunms

20

(® Figure 11-E5 Trip Diagram for
k 2 Example 3.

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Fratar Method (4)

Example 6.4: An origin zone | with 20 base-year trips going to |, k and |
numbering 4, 6 and 10, respectively, has growth rates of 2, 3, 4 and 5 for I,
J, kand [, respectively in 25 years. Determine the future trips from I to j, k
and | in the future year

® Figure 11-E5 Trip Diagram for
i k 2 Example 5.

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Fratar Method (5)

aa o

30111

t; =4 t, =6t =10 Growth factor: i =2; j=3;k =4;1 =5
O'=0’xGF° =20x2 = 40
D/ =D/ xGF° =4x3 = 12
D/ =D)xGF° =6x4 = 24
D' =D°xGF° =10x5 = 50
Y'D' =12+24+50 = 86

dadaing: n1saseniaRun1gluewAs (20x2 = 40) Larn1INRANITALNIG IUAUNAR
[(4x3)+(6X4)+(10x5) = 86] luirinniu
181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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tj =4;t, =6;t; =10 Growth: i =2; j=3;k =4;1 =5
O'=0’xGF° =20x2 = 40
D/ =D/ xGF° =4x3 = 12
D/ =D)xGF° =6x4 = 24
D' =D°xGF° =10x5 = 50
Y'D' =12+24+50 = 86

Notice that, future origin (20x2 = 40) and future destinations [(4x3)+(6X4)+(10x5) = 86]

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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f f
ty =ty Oio Dko n < :(6X2X4)4+6+10 =11 Total = 40
O- D, Z(Dkf /Dl?)(t.i) 36
k=
fof Ztii
-0 2 D el 10x2x5) 27010 _ 53
O- D Z(Dkf/Do)( ) 86

Of 40 f
@ﬂﬂ?qﬂﬂ\]@ _:%_ L‘V]’m‘]_lfﬂm"]ﬂ”]ﬁ‘LGI‘]_IImJ@QW‘LW]EI@EImwn’]\‘l | ( o) _2) V]I@V]ﬂﬂqﬂuﬂlm

| Df f I f Df Df
LG =%Bo -, %_— 134mfmmmfmf]ﬁmuimmwum@ﬂmuﬂmﬂmqJ (Do =3, 05 =4, 25 =5) lane
k

D? D°
LA | | |
181353 Urban Transportation Planning Source: Khisty, 2003
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Fratar Method (6)

Solution ito
f Df ik
th =t O k= :(4><2><3)4+6+10=6
1) 1) OO DO n ( f 0)( 0) 86
b D, /D, )(t.
— K K k
o' D/ Zn:tii 4+6+10
tf =0 =ik = =(6x2x4) 22211 Total =40
ik ik Oo Do n f ) ) 86
K kZ(Dk /D7)ty )
o' D/ Zn:tii 4+6+10
ty =t —=— - =(10x2x5) =23
il il O-O Do n f ) ) 86
- (D DY) ()
} f
Although future trips produced by zone | meet requirement that O_'O =2,
. D' . D' D O
the requirement that D_IO =3, D_IO =y D_IO =5 are not met.
181353 Urban Transportation Plénning ! Source: Khisty, 2003 by Thaned Satiennam
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v/

AR 6.5: A1TINNNTLAUNINTENIN 3 ﬁu‘ﬁﬂ'@ﬂLL@mﬁﬂmumﬂﬁumﬂuﬂﬁmm
d9

MIFINATUAN
. best. 1 2 3 Total
Orig.
1 1 4 2 4
2 6 2 3 11
3 4 1 2 4
Total 11 4 4 25

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam



Chapter 6 Trip Distribution
(181353 Urban Transportation Planning)

Fratar Method (7)

EN

Example 6.5: A 3-by-3 trip table representing trips is shown in the following

table, which is for the base year.

. best. 1 2 3 Total
Orig.
1 1 4 2 4
2 6 2 3 11
3 4 1 2 7
Total 11 7 7 25

181353 Urban Transportation Planning

Source: Khisty, 2003

by Thaned Satiennam
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Fratar Method (8)

o a dlgj ai I v = o
ARTIFIL LBIUDINUN L DL FIUNI LL@%‘]J@"]EI‘V]’NSL‘LA‘]J‘QM’WWMLL@ PINAINBITTIN

Zone 1 2 3
originfactor 30 4.0
(production)

Destlnatloh factor 30 40 20
(attraction)

o a = an
&N ﬂ’]%ﬂﬂiﬂqﬁ‘ﬂ’j‘tﬂﬂﬂﬂ’]?Lﬁu‘i/]’]ﬂsluﬂ@uﬁ ﬂﬁﬂﬂﬂfm Fratar

181353 Urban Transportation Planning Source: Khisty, 2003
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W

The next table indicates the origin and destination growth factors for the

horizon year.

Zone 1 2 3
originfactor 30 4.0
(production)

Destlnatlor.l factor 30 40 20
(attraction)

Use the Fratar technigue to distribute the trips in the horizon year.

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Fratar Method (9)

as o

10N

v

1) ﬁﬂmmﬁmqumm%mmﬁumqLL@%‘imqumiﬁqmmmﬂaumqLwi@vﬁuﬁ'
einel UTlaUNAR (HATINNITAUNTLFAS LLmLL@mmm) mmmmimmmmmmum?
mwmmumqLmvmmuma‘mmmmﬁ‘mumqLLmkum@ﬂuﬂﬁm ANEARIINTLALILA
YDA RN IR AN NAN N TFUNN 9T iR TIUaRIFIAITNg

ANUATY
. best. 1 2 3 Total
Orig.
1 X X X 14
2 X X X 33
3 X X X 28
Total 33 28 14 75

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Fratar Method (9)

Solution

In the horizon year, the desired trip table should resemble the
following matrix, where the row and column total equal the corresponding
base-year totals multiplied by the origin and destination growth factors.

. best. 1 2 3 Total
Orig.
1 X X X 14
2 X X X 33
3 X X X 28
Total 33 28 14 75

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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& Fratar

2) AuanunnAn X, tneds Fratar nsiEuainan t; five Destination growth factors (DGF)

T4 LANANITANWIDLAIAIFVIIAN WA
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Method (10)

. best. 1 2 3 Total
Orig.
1 1x3 4x4 2X2
2 6x3 2x4 3x2
3 4x3 1x4 2X2
Total 11x3 /x4 /X2
Dest. .
Orig, 1 2 3 Actual total | Desired total | Row factors
1 3.00 |16.00| 4.00 23.00 14.00 0.61
2 18.00| 8.00 | 6.00 32.00 33.00 1.03
3 12.00| 4.00 | 4.00 20.00 28.00 1.40
Total 33.00 | 28.00 | 14.00 75.00

‘ﬂﬂﬂﬁ"]ﬂ WA AIUIUNITATINITLAUNINTD LL[?’]@"’W‘LA‘V]EI‘QEI‘V] ﬂ’W‘MQﬂﬂﬂ%J F19971L ﬂ’W]I@‘V]ﬂﬂ’Wi‘LMGL‘M

muu FavlsuLiA1aa8 Row factors mmmm”l,mmﬂ mﬁmm@mmwuml‘mfmm‘wmmm”l,m
181353 Urban Transportation Planning

Source: Khisty, 2003
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a) Fratar Method (10)

X7

Finding the missing x values (ij) is the main purpose of the Fratar
technique. The next step is to multiply the destination growth factors (DGF)
by the cell numbers, giving the following matrix.

Orig Dest. 1 2 3 Actual total | Desired total | Row factors
1 3.00 [ 16.00| 4.00 23.00 14.00 0.61
2 18.00| 8.00 | 6.00 32.00 33.00 1.03
3 12.00| 4.00 | 4.00 20.00 28.00 1.40
Total 33.00(28.00|14.00 75.00

However, actual row totals and the desired row totals do not match and
a set of row factors to correct them iIs calculated.

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Fratar Method (11)

3) ANUIULFLLAAINNTNIZANLNNTAUNN9AYE Row factors @9 lANanI A e

MIFINATUAN
. best. 1 2 3 | Total
Orig.
1 2 10 2 14
2 19 8 6 33
3 16 6 6 28
Actual total 37 24 14 75
Desired total 33 28 14
column factors| 0.89 | 1.17 | 1.00

v/

181353 Urban Transportation Planning

Source: Khisty, 2003

a o = a [ dl” =SI 1 Qi o 1Y I o I ==i 6 o v

‘ﬂﬂﬂﬁ‘”]ﬁll?\l@: mmumﬁ‘m@mm?muwmmLLmzwumﬂﬂwmmaﬂmimmmumwhmmﬁumlm
c?j v o v o v dl o v 1 Qi 6 O L% 1 QII o v
U AavLsuUnAIA98 Column factors Gﬁﬁﬂquqm1ﬂﬂqﬂ mﬁmmhmmﬁum%ﬂmﬂm‘wmmmim
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21 Eratar Method

e

3) Now we multiply the row factors by the cell figures in the preceding matrix
and obtain cell values as follows:

(11)

. best. 1 2 3 | Total
Orig.
1 2 10 2 14
2 19 8 6 33
3 16 6 6 28
Actual total 37 24 14 75
Desired total 33 28 14
column factors| 0.89 | 1.17 | 1.00

Notice that, again, the column totals do not match the desired column total, therefore
a set of column factors are derived that will possibly correct the situation.

Source: Khisty, 2003

181353 Urban Transportation Planning
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Fratar Method (12)

4) ANILFLLAAINNINTZANLNITAUNI9AY8 Column factors T4 ANANITANUILAS

MITINAIUANS
| Dest. 1 5 3 Actual total Desired total Row factors
Orig.
1 1.78 | 11.70| 2.00 15.48 14 0.90
2 16.90| 9.36 | 6.00 32.26 33 1.02
3 14.24| 7.02 | 6.00 27.26 28 1.03
Total 32.92 | 28.08 | 14.00 75.00

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Fratar Method (12)

4) The column factors are multiplied by the cell figures of matrix, giving us a

new matrix:
. Dest. 1 5 3 Actual total Desired total Row factors
Orig.
1 1.78 | 11.70 | 2.00 15.48 14 0.90
2 16.90| 9.36 | 6.00 32.26 33 1.02
3 14.24 | 7.02 | 6.00 27.26 28 1.03
Total 32.92 | 28.08 | 14.00 75.00

181353 Urban Transportation Planning

Source: Khisty, 2003

by Thaned Satiennam
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Fratar Method (13)

5) 1NNNTANUILTNATIN 2 FIENTTLARNNTIUEARATIN 1 TANANIFIANLIDIAIAIING T

Aneananazin i1 lunsanauaunsardesialy (A1 Row factors waz Column factors nné
1.00)

. best. 1 2 3 Total
Orig.
1 2 10 2 14
2 17 10 6 33
3 15 7 6 28

Actual total 34 27 14 75
Desired total 33 28 14
column factors | 0.97 1.04 1.00

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam



Chapter 6 Trip Distribution

(181353 Urban Transportation Planning)

Fratar Method (13)
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5) Once again, the row totals and column totals are calculated and the
process goes through for a second time, producing a matrix that is good enough for

planning purposes.

. best. 1 2 3 Total
Orig.
1 2 10 2 14
2 17 10 6 33
3 15 7 6 28
Actual total 34 27 14 75
Desired total 33 28 14
column factors| 0.97 | 1.04 | 1.00

181353 Urban Transportation Planning

Source: Khisty, 2003

by Thaned Satiennam
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6) 1TANNNTNANUILLFLUAAINTINIZANLNITLAUNGTEN ATIN 3 (AQeINTZLIUNITNE

v
o/

Qi 4 o o v 1 dJ v v o I ai 6 O % al d”
AIIN 1) 1@1m@mﬁ‘mmmmmmqmumq "IJ\‘IVLQN@Gl,ﬂ@Lﬂﬁlﬂﬂ']_lﬂ’]‘l’ﬂ@‘l’]ﬁlﬂ’}‘lﬂu@ﬁlﬂlﬂﬂﬁlﬂﬁlui

. best. 1 2 3 Total
Orig.
1 2 10 2 14
2 16 11 6 33
3 15 7 6 28
Total 33 28 14 75

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Fratar Method (14)

6) It is possible to continue for one more iteration and get the following result:

. best. 1 2 3 Total
Orig.
1 2 10 2 14
2 16 11 6 33
3 15 7 6 28
Total 33 28 14 75

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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%~ Fratar Method (15)

N

g31lnan19ANua0

a71lA1 Column factors tialflunisAnua g N ULAAILAASAIANIINATUAN

Column factor 1 2 3
First iteration 0.89 1.17 1.00
Second iteration  0.97 1.04 1.00
Third iteration 1.00 1.00 1.00

uay agilAn Row factors iald lunnsAanuaudine LA LARIAIRAIII9AT LA

Row factor First Second Third

1 0.61 0.90 0.98
2 1.03 1.02 1.01
3 1.04 1.03 1.01

aNUedIlng

o o 09/ oI/ 1 Qi v o v o 1 Qi 6 O v
uﬂ')']\‘]LLNM@’WN’]?Dﬂquqmeﬁf]@‘Hﬂﬁ‘z‘VNﬂ’W]vLﬂﬂ’]?ﬂ”]uersLﬂ@Lﬂﬂﬂﬂﬂﬂ’]ifliﬂmﬂﬂ”\ﬂuﬂlﬂ

wnnge Tnevinlil azAurnsinatngmnaaanis
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Fratar Method (15)

In summary, the column factor convergence is as follows:

Column factor 1 2 3
First iteration 0.89 1.17 1.00
Second iteration  0.97 1.04 1.00
Third iteration 1.00 1.00 1.00

and the row factor convergence is as follows:

Row factor First Second Third

1 0.61 0.90 0.98
2 1.03 1.02 1.01
3 1.04 1.03 1.01

Discussion

The planner can continue to iterate until satisfied that the destinations
calculated almost match the destinations desired. Generally, two iterations will do the job

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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LULENTAN 6.1

v
Q/

= =£I 1 < =ﬂ9J =ﬂl I a o o v a = a =
LHBINLNLLNT U 3 Wungag mn‘]ﬂmmmqum?mwm?Lmum\‘iLmzmamma‘mum’m U

Production Attraction

Zone 1 500 400
Zone 2 600 800
Zone 3 200 100

Initial travel time factors are

Distances (time):

Travel time (min) | 10 15 20 1-2- 10 min
Fij 80 60 40 2-3: 15 min
3-1: 20 min

Distribute the trips using the gravity model.

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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Assignment 6.1

A three-zone city has the following characteristics:

Production Attraction

Zone 1 500 400

Zone 2 600 800

Zone 3 200 100

Initial travel time factors are
Distances (time):

Travel time (min) | 10 15 20 1-2: 10 min
Fij 80 60 40 2-3: 15 min
3-1: 20 min

Distribute the trips using the gravity model.

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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LULENYTAN 6.2

= d} I < dl” dl I = o v a o = a dly dl
HaaniaLali 4 Wingeg N@ququﬂqﬁ‘ﬂﬁ‘qﬁﬂqﬂﬂucﬂqﬂLL@%@ququﬂqﬁ‘ﬂﬂ@Jﬂﬂf]ﬁ‘lﬂu%q\ﬂl@\?wum

2Bl AT

Travel time (min) I:ij
Zone Production Attraction Travel time (min) 2 3.0
1 1000 3000 Zone 1 ¢ 3 4 3 2.5

1 2 5 7 10
2 2000 3000 S 2.3
2 5 3 8 12 " |5

3 3000 2000 3 7 3 5 11
8 1.2

4 4000 2000 4 10 12 11 3
11 0.95
12 0.90

o a I dl” ai I a ol
ANATUITUNITTNTSATENTTEARN INTSURINNNUN e B L (Tij) Iﬂﬁl@ﬁ\lﬁ\im')f] kij =1
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Assignment 6.2

A four-zone city has the following productions and attractions

The travel time matrix is Travel time (min) Fij
Zone Production Attraction Travel time (min) 2 3.0
1 1000 3000 Zone 1 2 3 4 3 2.5
1 2 5 7 10
2 2000 3000 0 2.3
2 5 3 8 12 " |5
3 3000 2000 3 7 3 5 11
8 1.2
4 4000 2000 4 10 12 11 3
11 0.95
12 0.90

Apply the Gravity Model to distribute the trip (Tij), Assuming K; = 1

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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LULENTAN 6.3

Hasnsznaufcenuneas 4 Wuh Nm1ennaiiuneluitlsnu uazdnsaniamiuisn (Growth rate)

& A Y & A Py Y o o o
UBRAIWUNE AL P UNIN LL@”W‘LAWE@EH@’]EWNGLLL 25 ﬂﬁllr]\‘iﬁuf] LLAANANANTIN AIATUITUNIANUANNIT

ﬂ’j‘oﬂ’]ﬂﬂf]?Lﬂu‘WN?”quﬂwuﬂﬂ@ﬂi‘uﬂﬂu’]ﬂ[ﬂ 25 ‘]JGLI’NVM’]I@EIGL“I] Fratar Method wazl9in1n13

9/

mmmmmm 2 A3 L‘V]’]‘LL‘LL

Destination Origin growth
origin Total
1 2 3 4 factors
1 3 5 8 12 28
2
2 4 1 9 10 24
1
3 2 4 2 I4 15
4
4 9 12 8 4 33
2
Total 18 22 27 33 100

Destination growth factor:

3 0.5 4

1

181353 Urban Transportation Planning Source: Khisty, 2003
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Assignment 6.3

An urban area consisting of four zones has the base-year trip matrix shown. The growth
rates for the origin and destination trips have been projected for a 25-year period. Using
Fratar’s technigues, calculate the number of trip interchanges in the horizon year. Do
just two iterations.

Destination Origin growth
origin Total
1 2 3 4 factors
1 3 5 8 12 28
2
2 4 1 9 10 24
1
3 2 4 2 14 15
4
4 9 12 8 4 33
2
Total 18 22 27 33 100

Destination growth factor:

3 0.5 4 1

181353 Urban Transportation Planning Source: Khisty, 2003 by Thaned Satiennam
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