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Abstract. The results obtained in the investigation aimed to improve the transportation of commercial freight for short
hauls in the city are presented. The performed tasks included the statistical analysis of freight flows; the forecast of the
freight flows; a synthesis of a topological structure of the urban system of freight transportation and the description of the

optimal structure of the truck stock. The conclusions have also been drawn and some recommendations provided.
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1. Introduction

It seems that the improvement of transportation may
be achieved by merely replacing the available transport
facilities with the new ones. However, even most advanced
vehicles may be inefficiently used. Therefore, transpor-
tation technology as a whole should be improved. This
requires a thorough analysis of the problems associated
with freight flows, their updating and forecasting, opti-
mization of the road network and traffic, freight distribu-
tion, etc. The description of the problems referring to
improving freight transportation over long distances and
carriage of freight reaching 2040 tons may be found in
[1-4]. However, the data on the analysis of transportation
of freight about 50-1500 kg in short hauls in a small area
(i.e. with the restrictions imposed) 1s scarce. Therefore,
we will try to suggest some solutions to these problems
in the present work. First, the following tasks were per-
formed:

1) the statistical analysis of the flows of freight was
made;

2) forecasting of freight flows was carried out;

3) the structure of the stock of trucks of optimal
tonnage was outlined;

4) freight consignments and the ways of transpor-
tation were determined.

2. Determining the Stock Structure of the Trucks of
Optimal Tonnage

The structure of truck stock based on tonnage should
satisfy the requirements raised for transporting various
lots of goods. Let us suppose that truck tonnage is ex-
pressed by a string ¢q,, g3, ..., 4, ..., 4, . In addition,

the distribution of lots of goods according to their vol-
ume is known. The probability of occurrence of goods

requiring the transportation by a truck of
q; (j=1, 2, ..., m—l) tonnage is [3, 6]:
r(q‘{)j
[£l)dx, j=1;
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here, f (x) — distribution density of lots of goods accord-
ing to size (volume).

The probability of occurrence when a lot of goods
requiring the transportation by a g, tonnage truck mak-
ing i hauls (i =1, 2, ) has to be transported is:
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The required number of trucks of the type j
(j =1, 2,...,m—l) is as follows:

Nv r.Pj Ly of
A, =Yy 88 L,
ej T, Derj npj |, 3)

here N, , — the average number of the requirements for
goods transportation in 24 hours.
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The number of ¢, tonnage trucks required is:
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here, T,
hours.

The total number of trucks may be expressed in this
way:

— the work of g, tonnage truck expressed in
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By dividing the left and right — hand sides of the

equaticns (3) and (5) we will obtain:

fd‘gj, _ P lg ¢
A
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Similarly, the equations (4) and (5) vield:
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while (6) and (7) yield:
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Ty =Tym = 7., we have to calculate:
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Thus, in order to determine the probability of the
requirements for the transportation by trucks of various
tonnage it is sufficient to identify the type of distribution

of lots of goods according to their size and to know the
average number of truck hauls in 24 hours.

Density function of exponential distribution of the
volumes of goods lots may be expressed in this way:

fl)="te 7,

8

here g — average volume of a lot of goods
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If the volumes of lots of goods are distributed ac-
cording to normal distribution, the probability of occur-
rence of an arbitrary value ¢ in the interval
l:(qy)_ , (qY )J may be determined in this way:

Pj ZP{ (qy)j_l <g<(qy)j}=t1)* qu)i -

Gy

e (qY)j_l -8
T, 13
Op (13)
here, o g is a standard deviation of an arbitrary value,
while
q)*[(‘IY)m -8 _o* (qv),,,-l_g et
Og O¢
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In some cases the operators and senders relate the
volume of the transported lots of goods to the tonnage of
the truck. Then an average volume of the transported lot
of goods will be:

—="§i:pj(qY)j+(qy),llii17nl,i , (15)
j=

here, (qy )jv (qy)m — the highest tonnage of the truck
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based on the capacity of the truck body and the type of
freight.

An average volume of the lot of goods transported
in a single haul is as follows:

m—1

8e = Zl Pj(qy)j+(qy)n,§11’rrz,i. (16)
J= 1=

An average truck tonnage calculated for a single haul
is:

m—1 oo

9e = 2 P;q; +qmzpm,i . an
=1 i-l

An average value of the static coefficient of using
the tonnage of the truck stock may be expressed in this
way:

} ”;12_1 pj(qy)j+(q1{)mipm,i
yy=8e= T FEL . (8)
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A number of hauls made by all trucks of the stock
during the period investigated is:

ny=-t, (19)
qeY¥st
here, P — the total volume of transportation, ton.
The number of hauls made by j type trucks is:

Ngj = P A, Jj=12,...,m-1, (20)
while for the trucks of the highest tonnage it is:

oo m—1
Rem = Ng E‘Dm,i =n, — Znej i @n
i=l j=1
The volume of transportation by 4 jtonnage trucks

is as follows:

F=ngloy); i=12.m. @2)
The number of the required 4 tonnage trucks is:

A Fi i=1,2
=4 . J=L2,..,m, 23)
J
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here, B par. j — the output (work) of a truck per 24 hours

o BTy

par.j — l (24)
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Exampie. The volumes of the goods transported from
the warehouses of manufacturers to a chain of shops have
exponential distribution with density function (Fig):

£lx)=0,0675¢70.0675%

f(x) —x

L

N

0 AN

Ty

0 0,12 0,242 0,362 0,402 gt
Distribution of lots of goods based on volume

An average volume of a lot of goods transported is
g=1/0,0675=14,8 i.e. 0,148 ton. To transport
P =300 ton of goods per year, A trucks will be needed
of the tonnage g; =350kg, fnp1 =147, o, =075, A,
of the tonnage g, =700 kg, a; =0,79, and Ajof the
tonnage g3 =1500 kg, f,,3 =158 and a3=0,74.
Other parameters are similar for all trucks: [, ,; =10 km,

b; =22 kmvh, B;=05, T, =12 h (j=1, 2, 3)

The probability of occurrence of the requirements to
transport lots of goods by trucks A, and A, is respec-
tively as follows:

(‘17 )1

7.5
' 4 =1—e 14.8 —

04,

(qY)l (Cly)z 75 12,5
8 _p & o 148_, 148 _q17

The probabilities of orders for transporting lots of
goods by Ajztrucks in hauls i=1, 2, ..., are equal to:

(qv)g (’ly)_g 12,5 14,0
p3 =¢ B _g B o148 _, 148 =0,05,
_@ _2(47)3 (140 2140
p3n=e B _p 8 -, 148 _, 148 _ 0,24,
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piz=e £ —e £ =0]3

3(‘17)3 _4(47)3
pa=e £ —e & =001,
P35 =pig=-.-=0.

In this case, Ty =Ty, =Ty3. therefore, we can
find Ty B from the formula (9).

A relative proportion of trucks based on their ton-
nage may be determined from the formulas (6) and (7):
26 o230 2B _gg06. 25 —oss
AE ’ AE ’ AE .
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A number of hauls performed by the trucks of the
stock during the planned period may be obtained from
the formula (19), n, =26 600, while the same parameter
according to truck tonnage n, =10600; n,, =3110;
n,3 =12890 . An average number of trucks in a list ac-
cording to their tonnage is as follows:

A =771 Ay=24: A;=10,8; je.
Ay =2; A3 =11,

AI:S;

3. Conclusions

1. To determine the optimal structure of the stock of
trucks as well as organizing their efficient operation, lots
of goods and the volume of transportation should be ana-
lyzed in terms of time. Since the requirements of trans-
portation and the volume of lots of goods are arbitrary
values, their analysis in time should be most efficiently
made by means of mathematical statistics methods.

2. Methods of predicting the flows of freight have
been chosen and updated on the basis of the performed
statistical analysis of the freight flows. It has been shown
that the best method of their prediction is based on math-
ematical expectation, statistical prediction relying on a
single point being less accurate. '

3. An algorithm derived for determining an opti-
mal structure of truck stock based on tonnage allows the
operator to select the required average number of trucks
based on their tonnage.

4. The techniques for determining an optimal vol-
ume of the lots of goods transported and choosing the
most suitable way of transportation based on such opti-
mization criterion as total expenses on freight storage and
transportation have been offered.
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