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Abstract. The size of lots of goods, vehicle type and capacity as well as the method of transportation should be properly
matched. The coordination of these key parameters could reduce freight transportation costs. This can also help to save
time. The proper choice of the type of a vehicle to carry the particular cargo could reduce the wear of transport facility
and ensure freight safety on the road. The above measures would result in saving of resources.
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1. Introduction size distribution of the lots of goodsisknown. The prob-

ability of alot of goods which would require the vehicle
Prior and after the integration of Lithuania into the

European Union the priority issue is rational allocation of q; (=1 2, ..., m)carrying capacity for transpor-
of resources obtained from various financing organiza- tation is as follows:

tions in the area of transport. This problem is of particu-

lar importance to our country possessing rather old fleet 0(qm);

of vehicles, which requires large investments. The ex- O If(x) dx, j=1

penses can be reduced to some extent by the proper choice %

of the vehicles and the ways of transportation in respect P;j =0 (q)

to cargo lot sizing. There are, however, some objective :

" : . ; o O (f(x)dx, j>1,
actors preventing to achieve this. The failure is often (o).

caused by subjective reasons or poor management re- E -

sulting in even higher expenses. Given an old fleet of

vehicles, it is still possible to find an effective solution ~ here f (x) — distribution density of lot sizes; ¥ —carrying
based on mathematical, statistical and probabilistic ap- capacity coefficient.

proaches [1-5]. The above solutions would allow us to ~ The probability of occurrence of a lot of goods re-
save time and money. quiring 0, capacity vehicle which would transport a lot

The use of mathematical methods enables the opti- of goods by i hauls (i =1, 2, ...) would be:
mization of complicated processes of transportation and

transport policy [6]. O (qm)m _
0 g (Qax, j=1
ot
2. Determining of the structure of the fleet of opti- Pm,i = D {(qm) 2.2)
3 3 m .
mal capacity vehicles 0 ([f(x) dx i >1.
The structure of the fleet of vehicles based on their Hi-2az),
cargo-carrying capacity should meet the requirements
of transporting goods in lots of various size. A number of vehicles j of the type (j =12,..., m)
Let cargo-carrying capacity of a vehicle be repre- needed is as follows:
sented by a series ¢y, O, ..., dj, ..., Oy.Inaddition,
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here Nv.r. — average number of requests for goods
transportation per 24 hours; Tnj — working hours of
vehicle per 24 h, h; |g.ej — a run of loaded vehicle, km;
th — vehicle speed, km/h; B j — coefficient of the run;
thp — loading time of a haul, h.

A required number of q,,, capacity vehicles:
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Total number of vehicles:
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By dividing the left and the right sides of the equa-
tions (2.3) and (2.5), we get:

A _ PifHles ,, H o
Ao TnjBB‘/thj anEI, 1=42,....m-1. (2.6)

Similarly, from the equations (2.4) and (2.5) we
obtain:
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and from (2.6) and (2.7) we get:
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If Tnj =Thm =Th, then we should calculate:

tnpj H*%%Tm npm%'pml (2.9)

Therefore, to determine the probability of requests
for transporting goods by various capacity vehicles means
to find the type of size distribution of lots and the aver-
age output of the above vehicles per 24 hours.

Exponential distribution of lot sizes can be expressed
in the following way:

T,B= z pJEVq

X
1 =
f(x)==e 9, (2.10)
g
here g — average lot size of goods, ¢

, @.11)

1 (qm)j X (qm)i-l _(qm)]
pj== [ eIdk=e 9 -e 9, 212
g(qm)j—l
L ilam), X _(-2es), _iam),
Pmi == { eddx=e I -e 9 . (213
9 (-1)(qr),,

If the lot sizes is distributed according to the normal
law, the probability of a random value g to be in the inter-
S;lyg (qmt) i1 (qm )j ] may be found in the following

p; =P{(a0);4 <a<(am);f =

Hal¥); -0 dal);4-g0
(OLEE (F 4 [r
B 9% B8 Og g

here Og — mean square deviation of the random value.

(2.14)
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In some cases, transporters and shippers relate the
lot size of goods to cargo-carrying capacity of a vehicle.
Then an average lot size of goods to be transported will
be:

(o]

+(@Q@®) Y iPm,i

i=1

m-1
g= lej(qﬁi),- 2.16)
i=
here (q Wi ) i (CI (e )m —the largest vehicle capacities based
on vehicle body capacity and the kind of transported
goods.
An average lot size of goods carried in a haul:

ge=Y pj@®); +(@1)y Y Pm,i . 2.17)
1 i=1
An average vehicle cargo-carrying capacity calcu-

lated per haul:
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m-1 o
Qe = zl P;jqj +szlpm,i _ 2.18)
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An average value of the static coefficient of the uti-
lized vehicle fleet capacity:
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yg = Je = 12
q m-1 3 (219
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A number of hauls made by the vehicles of the fleet
in a considered period:

N = P
e — _— —
OeYs °
here P — total volume of transported goods, tons.
A number of hauls made by j — type vehicles:

(2.20)

Ng = PjNe, j=12...,m-1, (2.21)
and by the largest capacity vehicles:
00 m-1
Nem =Ne ) Pmi =Ne~ D> Ng (2.22)
i= =1

Total volume of goods carried by Qj capacity ve-
hicles:

P =ng(qt);, j=12...m. (2.23)

The required number of Jj capacity vehicles:

_ P
A=

Da R,

, J=42,...,m
j par.j ’

(2.24)

here Ppar. j — vehicle output per 24 hours; o — number
(coefficient) of vehicles sent; D — number of days in a
considered period.
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3. Proper lot sizing and the choice of a transportation
method

In the transportation of goods based on the system
of terminals and long-term contracts between suppliers
and customers, optimal lot sizing and choice of transpor-
tation technique make an important problem [7-8]. Trans-
porting large lots can reduce the haulage costs, however,
in this case, storage costs are higher. Transporting small
lots of goods, the situation is opposite.

In the present paper methods of optimal lot sizing
and proper choice of transportation technique are sug-

gested. The optimality criterion is based on general costs
of storage and transportation.

Let us analyze three methods of transportation:

1. The transportation companies carry goods in large
lots according to long-term contracts, loading trucks and
trailers to their full capacity, or using several vehicles.

2. Goods are delivered in medium-size lots partially
loading vehicles or trailers. Firms carrying goods in this
way combine them into large lots at the terminals.

3. Goods are delivered in small lots (up to 23 kg)
being formed at some small areas.

Let us denote by: C — overall costs; Cy — costs of
transportation; C;— cargo storage costs, then:

C=Cr +C,. 3.1
Storage costs are found in the following way:
Cy=P[v/u +T)+T], 32

here T— time of cargo transportation (weeks); U —rate of
supply and consumption (kg/week); P — freight cost (Lt/
kg); V — costs of freight storage (Lt/kg per week).

The costs of transporting 1 kg of cargo are obtained
as follows:
— by transportation method 1:

Cr=FM, V<S; (3.3)
— by methods 2 and method 3 of transportation:
Cr =F/V+W, (34)

here F — charge fixed for transporting 1-st lot of goods; S
— vehicle capacity (kg); W — cost of transporting 1 kg of
cargo for any lot size.

From (3.1), (3.2), (3.3), (3.4) one can see that over-
all costs will be minimum if the lot size is as follows:

v* = min(/FU/PRS). (3.5)

while the costs of transporting 1 kg of cargo are:

o élz,/FPR/U +W +PRT,

3.6
EPRS/U +F/S+W +PRT in theopposite case. (3.6)

In Fig 1, common relationships between overall costs
of freight transportation and storage and supply rate are
given.

In Fig 2, a solid line shows the relationship between
the optimal lot size and supply rate.

One can see that for the low supply rate method 3 of
transportation is optimal, while for medium supply rate
transportation method 2 is efficient, and for high supply
rate method 3 is effective. The relationship between the
lot size of goods and supply rate is not a continuous
function. The relationships obtained allow for the optimi-
zation of transportation for various initial data.



R. Limba, O. Fadina / TRANSPORT — 2004, Vol XIX, No 2, 92-95 95

20 +
%015
s
=3
] 1
o
B 10 F !
0 |
B
= |
S |
- ! .
% 05 |y |
() . .
&} i | 3
A
/6 | 5
0 b d r ) 1 1

0 500 1000 1500 2000 2500 3000
Supply rate, kg

Fig 1. The dependence of general costs of transporting one

kg of cargo on supply rate by using various freight transpor-

tation methods: 1 — transportation method 3; 2 — transporta-

tion method 2; 3 — transportation method 1; 4, 5, 6 — supply
rate, when methods 3, 2 and 1 are optimal
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Fig 2. Relationship between the optimal lot size and supply
rate: 1,2 and 3 — 1, 2 and 3 transportation methods

4. Conclusions

1. To determine the optimal structure of the fleet of
vehicles and transportation technique lots and amount of
goods should be considered in terms of time. Transpor-
tation requests and lots of goods are random values.
Methods of mathematical statistics are the most effec-
tive in their analysis in respect of time.

2. Methods allowing the efficient sizing of lots of
goods and transportation technique are suggested. They
are based on the criterion of general storage and trans-
portation costs.

3. Based on the methods suggested, optimal vehicle
fleet structure may be determined taking into account
carrying capacity of vehicles and their average number.
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