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Ahbhstract

This study analyzes the estimation of volume delay function in the city of Mashhad, IRAN.

least square methods are used to obtain the estimated volume delay

The regression and the
o be different from the standard

funetions of 20 links in the city. These functions are observed t
volume delay functions.
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1. Introduction.

An important factor in traffic assignment
and transportation analvsis is the volume delay
function. This function represents the variation
of delay time with respect to traffic volume as
an element of the transportation system, for ex-
ample, in a link. In the traffic assignment, this
function determines the delay time of trip as an
index of trip cost for various traffic volumes as
an element of transportation system in a link.

This study deals with the qualities of vol-
ume delay function and the methods of utiliz-
ing these functions for a comprehensive study
of the Mashhad’s transprotation.

The paper unfolds as follows. Section 2 in-
troduces the volume delay function. In section
3, the strategy for data collection i1s represented.
The main results, estimated functions, are pro-

Bided in section 4.
N

. The Volume Delay Function.

This study considers the volume delay func-

ac.ir on2025-1.

Ton only for the links in the city transportation

u

gﬁt.mitrrk. An important step in traffic assign-
gient is how to choose a paih between the ori-

y—

%ms and the destinalions for the users ol the
Fransportation system.
a Choosing the best path can be stated with

the different criterion, for example, the pleas-

ant path, the coldest path, the safest path, the
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An important criterion for choosing the best

path is the travel time, thus, this study consid-
ers the criterion for the shortest time path.
" The travel time changes with various fac-
tors, for example, the time of travel, the day of
travel., the month of travel, the season of travel;
and so on. These factors can be summarized by
the traffic volume, thus, this study searches for
the relation of the time of travel and the traffic
volume.

Therefore, the volume delay function repre-
sents the relation of the flow or the traffic vol-
ume and the travel time. It is necessary to con-
sider the homogeneous traffic assumption, i.e.
the flow is formed by only one means of trans-
portation.

The general form of this function is shown
in figure 1. This general form is used by almost
all the traffic assignment models. However, the
parameters of this function are based on some
circumnstances, for example, the facilities of the
link, the users’ treatment.

The traffic volume affects weakly the travel
time when the traffic volume approaches zero,
and as the traffic volume increases, the travel
time increases sharply, and approaches infinity.

Indeed, when the traffic volume is increased
bv the specific volume, the critical volume, the
travel time increases as the traffic volume de-
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Travel timne
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Figure 1. The general iorm of volume delay function.

t=tg + aV* V<

where £ is the average travel time o link, £y is
the travel time on link at free How, V is the How
on link, € is the capacity of the link, a, and n
are the parameters of the model.

But one of usnal models, the standard fune-

tion, which is used can be stated as follows:

r

= =128 - i
U{ q; J

where { is the average travel time in term of
minute for the distance of ope kilometer, z is the
traffic volume in term of the number of means
of transportation in an hour. to 18 the average
free travel time, i.e. travel time in the traffie
volume equals to zero in term of minute, ¢ is
the practical volume of the link in the level of
service of [ in term of the number of means of

transportation in an hour, 4. and = are the pa-

rarmeters of the model

tained as follows: if # = q',

L=t (14+B(=)") = {1+ 8)
q
Le, when the traffic volume, z, is increased
the practical volume; ¢'; the travel tirne, f, w
be increased 1004 percent in comparsion to fl
free travel time, ¢,

The ¢'is a quantity that represents the cha
acteristics of the link in the level of service of
il = 5,00 8.4 & J) that are various quant
ties, for example, level of service - for the street
and b for the roads are used in 6]

The difficulty for estimating the volume e
lay function is defining a unit for the traffic vol
ume. Consequently, the homogeneous assurp
tion for this definition is necessary,

There are various means of transportation i
a link. This difficulty can be reduced by intro-

ducing various coefficients known as passengey

car equivalent (pee) for various means of trans-
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Bicyele | Motor Car [Ta,xi Mini | Bus | City | Truck | Tanker | Others
cycle bus bus
|

0.5 ‘ 0.5 | LO |20 | 25 |20 30/ 25 2.5 1.2

Table 1. Passenger Car Equivalent (pee).

3. Data Collection.

For estimating the volume delay function of
a link, the observations of the traffic flow and
the travel time were needed. Therefore, the
samples of the traffic flows and the travel times
were collected for 20 links of Mashhad’s sireets,
The selection of the strategies for this data col-
lection were exactly in agreement with the sam-
ple theory,

In the estimation of this function, the effects
ofpthe length and width of the streets musi be
ctalsic{c-:re?f]. The elfect of the length can be re-
died by estimating the function for one kilo-
u]él.uer of the street, and the effect of the widih
rdﬁn be reduced by considering the volume delay

<
fugﬂiq_m as follows:

B
@ i
5 f=l’u“+5f[_f}ﬁ]
= wey
B

.V]E'TE" t 15 the width of the street.
(=

8T he physical conditions, the traffic charac-

D

eristics, the data collection methods, and the
election of the data analysis approaches were

e e LT

The samples for every link were collected for
wo variables, ¢ and x, where £ is the travel time
for one kilometer in ferm of minute, and r is Lhe
tratfic volume secaled by one meter of the width
ol the link in term of the number of means of

transportation.

4. FEstimated Functions, The Main Re-
sults.

As it was mentioned, the standard form of
the volume delay funclion can be stated as fol-
l(:ws:

T
f—f.l;{]T.;Jllq—l,] :|

In table 2, are represented amount 1, for various
links.

For ¢' is stated max{a,;), that is the best esti
mation. Indeed, n = 4 is considered. Therefore,
only @ is stimated. [ or determination contfi-
cient is correlation coefficient square belween =
and {. The results are represented in table 3

By T-test, with confidence more than 95%,

the hypothesis §
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Vel 6/ No, 3, 4 | Auttmn 4

Highway | Road | Boulevard

Street

Alley

0.54 0.75

1.00

1.20

2.00

Table 2. Average free travel time (to)

Normal distribution of Residuals. By tests Durbin-

Watson, Xolmogorov-Smirnov and ete. above

assumptions are valid for every 20 estimated

function. The computations were executed by
MATLAB and SPSS softwares.
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=
L The Estimated The Estimated

i Function I Function R?
n (before delete (after delete

k outlier observations) outlier observations)

1 [t=1.20(1+ 1.02(Z)%) | .390 t=1.20(1 + 0.92(%)%) | .501
2 :=1.zﬂ(1+2,45{5{—)“} .501 z:lzu{1+248{m}} .543
3 |t =100(1+2.08(:5)%) | .346 = 1.00(1 +2.52(5%)*) | .498
4 5—1?0{1+I£8(4§9}“] 081 1:1.3n[1+a,9r(a~ ) | 437
D | t=1.20(1 + 1.50(5%)%) | .334 b= L20(1 + 1.33(55)%) | .434
6 t:I?ﬂ{]+ﬂEI{4m}“j 320 | £=1.20(1 + 0.77(:5)Y) | .346
7 | t=1.00(1+0.66(Z)%) | .287 E=1.00(1 +0.64(:%)%) | .290
B | t=100(1+1.24(%)*) | .545 r:lnnfu 1.18(35:)%) | .634
9 t=1.20(1+0.29(;:%)*) | .047 | t =12 (1 +0.29(:%-)1) | .073
10 | £ =1.20(1 —0.12(Z)" | .010 ::13{1{1_01?[%&?} 011
L1t =1.00(1 + 1.51(:%)%) | 385 | # = 1.00(1 + 1. 42(:57%) | 582
12 | £=1.00(1 + 0.49(:2)") | .190 t= LOO(1 4 0.23(3%)%) | .227
13 | t=1.20(1 4+ 0.80(%)%) | .274 t=1.20(1+0.61(;Z)*) | .369
4] ¢=1.00(1+0.22(;%)" | .073 t=1.00(140.17(:)" | .059
15 | t=L20(1 +0.62(5%)") | .355 | ¢ = 1.2 2001 + 0.58(3% %) | 459
16 a—uunwla{ =4 | .028 t=1.20(1+0.07(Z)%) | .017
17 a_lnn(l—ﬂzd{“}} 085 | ¢ = 1.00(1 — 0.26(;%)) | .094
I8 | £=0.54(1+0.84(;%)4) | .315 E=0.54(1 + 0.80(;%)%) | .378
19 | £=0.75(1 + 1.05(% %) | .282 t=0.75(1 + 1.04(:=)") | .306
20 | ¢=2.00(1+0.25(%)") |.108 | ¢ = 2.00(1 +0.12(5)%) | .006

Table 3. Estimated Functions

(befor and after delete outlier observation)
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