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METHOD OF CALCULATING A COMBINED
TRANSPORT SYSTEM

ILDIKO BRINAS!

Abstract: In the specialized literature, efforts have been made to define multimodal
transport. Thus, multimodal transport refers to the transportation of goods carried out using at
least two different modes of transport, based on a multimodal transport contract. This begins at a
location in the state where the goods are received by the multimodal transport operator and ends
at the designated delivery location in a different state. The transport contract is concluded between
the consignor and the multimodal transport operator, who acts on their own behalf and assumes
responsibility for fulfilling the contract. In the following sections, I aim to present a calculation
model for designing a multimodal transport system of the road—rail type.
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1. THEORETICAL CONCEPTS

Multimodal transport systems represent a reliable alternative for the future as
they best address increasingly stringent demands for the decongestion of roadways,
environmental protection, and energy conservation—critical aspects for humanity's
progress. At the same time, they meet the ever-growing requirements of transport
beneficiaries in terms of the range and quality of services provided.

A characteristic of multimodal transport is the synergy achieved between the
ability to transport goods over long distances offered by rail transport and the flexibility
provided by road transport for short distances.

Quantitatively, transport is experiencing significant growth. Meeting the needs
of goods exchange, supplying major consumers, often over long distances, highlights
transport as a tool for progress and an essential criterion for economic development.

For designing a multimodal freight transport system of the road-rail type for the
A — B route with transshipment at terminal 7 (Figure 1), the following initial calculation
data will be considered:
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Fig. 1. Multimodal transport route
a) Transport volume from A to B:
0, =160256t] (1)
b) Transport volume from B to A:
0, =150240[t] (2)
c) Average speed of road transport:

vf=30{%} 3)

d) Average speed of rail transport:

v =50[km)] 4

2. CALCULATION OF TRANSPORT VOLUME

The total quantity of goods that has to be transported daily on distances A — B
and B — A will be:

0=Lts [L} (5)
z day

an

where:
Q, —represents the annual quantity of goods;
z"” _ represents the number of working days in a year;
4, — total unevenness coefficient;
Hr = H "l -,
Uy =12+13
4, —monthly unevenness coefficient;
u, =1.001+1.002
4. — daily unevenness coefficient;

u,=110+1.15
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Ly =g, 4, 4. =12-1.001-1.10=1.32
Z" =365-(2-52)—11=250 days

We obtain the following quantities:
- ondistance A—B

QE:160256-1.32
: 250

- ondistance B— A

150240-1.32

~846.15 [t/ day]

QZS:T:793'26 [t/ day]

The calculated quantities are summarized in table 1.

Table 1 Total quantity of goods

(6)

(7

Distance Annual quantity Qan Daily quantity Q.
[km | [t] [t]
A —B(E) 160256 846.15
B—A(S) 150240 793.26
TOTAL 310496 1639.41

3. CALCULATION OF THE NUMBER OF CONTAINERS

From the existing container types in table 2, the same type of container will be
used throughout the entire multimodal transport chain. The container type 1C-20’ is
chosen, and the required number of containers is calculated using the standard equation.

Table 2 Main characteristics of containers

Category External dimensions Tz.lre Us?ful Useful T({tal
weight | weight | volume | weight
L (mm) [/(mm) & (mm) [t] [t] [m’] [t]
1A -40° 12192 2438 2438 23 28.20 65 30.5
1B-30° 9143 2438 2438 1.80 23.60 48 254
1C-20° 6058 2438 2438 1.50 18.90 31 20.4
ID-10° 3097 2438 2438 1.30 8.90 15 10.2

where:

(8)
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N,

.,.— represents the required number of containers per day;

0Q.™ —represents the daily quantity of goods;

G, — represents the useful weight of the selected container;

G, =18,9t

y — utilization coefficient of the transcontainer’s useful capacity;

q=G, -y

7r=0,7

Considering that we have the same number of containers on both A —B and B —
A routes, the utilization coefficient of the useful capacity of the container on the B — A
route, denoted by y, will be calculated using the following formula:

NC/ZE = Nc/zs (9)
We obtain:

max(E) max(S)
Q7 Q7 MO ey oge=Te a2 Le o 7E 0656 (10)
Gre  Grys 79754y Vs 1.066 ¥,

— on the distance A — B

846.1 .
S =——— =63.95~ 64containers (11)
0.7-18.9
- on the distance B— A
793.26 .
S ==——""—=63.98 ~ 64containers (12)
0.656-18.9
Table 3. Main characteristics of wagons for container transport
Number ] ] Tare Load Max. Max.
D
No. ‘:::f:: of imensions [mm] weight | capacity | weight | speed
axles L 1 | H [t] [t] [t] [km/h]
1 Kwm 2 10040 | 2800 | 1240 10 15 12.5 100
2 Rp 4 18300 | 2700 | 1270 | 26.4 40 66.4 100
3 Rmms 4 12800 | 3100 | 1200 | 25.1 56 81.1 100
4 Rgx 4 22000 | 2500 | 1265 23 57 80 100
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A type of wagon from the Rgx series is selected for loading the containers.
4. CALCULATION OF THE REQUIRED NUMBER OF WAGONS

This is calculated using the equation:

Nc/z
vag = T[wagons] (13)
where:
N, — is the required number of wagons;
N,,.— represents the daily number of containers;
N,." =N_.° =64 —represents the total number of containers;
2 —is the number of containers loaded on the wagon;
N,
N, = 2‘" = =64/2=32—represents the number of wagons.
Table 4. Required number of wagons
. . Qan Qz Nt Nvg
Direction
[t] [t] [wagons] [vel
A-B 160256 846.15 64 32
B-A 150240 793.26 64 32
Total 310496 1639.41 128 64

5. ESTABLISHING THE TRAFFIC SCHEDULE

The transport task formulated by the consignor is carried out in a combined road-
rail system. Since the client works only 5 days a week and has a day shift schedule (6:00-
16:00), the working hours at the terminal and the container shuttle train schedules must
be aligned with this program as follows:
- Containers trains will arrive at the terminal between 6:00-9:00 and depart
about 14:00-16:00;
- The entire activity at the terminal will be carried out according to the arrival
and departure times of the container trains, based on the schedules.
To achieve this program, the entire activity — from the client’s operations to road
transport, terminal activities, and rail transport — must be strictly coordinated.
For transporting 20’ containers to and from clients, between the clients and the
terminal, a VOLVO flatbed truck is used, with a specific diesel consumption of
201/100km, a loading capacity of G, =21t, a platform length of 8 m, and a platform

width of 2.5 m.
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Fig. 2. Working time

The working time is shown in figure 2, with the notations as follows:
T,. —1s the working time at the client;

t, —is the duration of a cycle (for the first loaded truck);
t,, — loading-unloading time;

Ljg =4 +1;5

t,, =10min;

t, —loading time;

t, —unloading time;

t,=t, =300s=5min ;

NL‘
In case of double operations ¢, = Zti, a5
1

T,,— is the working time at the terminal.

6. CALCULATION OF THE VEHICLE FLEET

The vehicle fleet is composed of an inventory fleet, an active fleet, and an

immobilized fleet.
The active fleet, P, —represents the number of vehicles required for transport;

The inactive fleet, P, — represents the fleet that is immobilized due to the

following reasons:
a) Technical reasons - P, ;
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b) Organizational reasons - P, ;

c¢) Force majeure reasons and both foreseen and unforeseen causes - P," .
Active fleet:

P, = vehicles (14)

ti/d

where:
t,— is the duration of a cycle; this is calculated as:

to=t+t, L+ (15)

t,  =t, ,—1s the transport time from the client to the terminal and vice versa;
this is calculated using the formula:

b=l = t, (16)

d; —is the distance from the client to the transport terminal;
v, —truck speed;
For the calculations, the following values are selected for distance: d; =40km

and truck speed: v, =30km/ h. Based on these values, the results of the calculations are
as follows:

I =tA7=d—’r=%=l.33h=80min (17)

where:
t,— loading time;
t, —unloading time;
For ¢, =t, =300sec = 5min , the resulting duration of a cycle is:

t=t+t, ,+t,+t+t, +t,=180min (18)
and the needed active fleet becomes:

= L _ % =18 active vehicles. (19)

Calculations of the distance traveled by active vehicles in one day:
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where:

where:

where:

Lz = PA ' nc/z 'lc (2’0)

L, —is the daily distance traveled by active vehicles;
lc — is the length of one trip, which is this is calculated as:

le=2-d’ =80km 21)

n,,. —is the number of the trips per day; this is determined using the formula:

nc/z =1z (22)

t,,. — working time per day;
t,,. =8h=480min
_t,. 480

=——=2.66 = 3trips
t, 180

L =P,-n, -lc=18-3-80=4.320km
Inactive fleet

clz

(R"+R+RS)
Pin = lucr (23)
Zan
z,,"“"—represents the number of working days in the year;

z,,"" =250days ;

P," — annual immobilized vehicle fleet due to technical reasons;
P,°— annual immobilized vehicle fleet due to organizational reasons;
P," — annual immobilized vehicle fleet due to force majeure;
PinT — IijT + Pl-nRCl + BnRCZ

B =10+20%-P,

P =15+2.0%-P

P,"" — annual inactive fleet under technical revision;

P, %" —inactive fleet under annual Grade I;

P,** — inactive fleet under annual Grade II;

[, — distance after which technical revision is performed;
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Loy =10.000km ;

[xc, — distance after which Grade I repairs are performed;
leer =20.000km ;

L4, — distance after which Grade II repairs are performed;
lxc» =30.000km ;

t,r—duration of immobilization during technical revision;
tpr =1day(8hours);

txc; —duration of immobilization during Grade I repairs;
trer— 3 days (24 hours);

trc,— duration of the immobilization during Grade II repairs;
trey — Sdays (40 hours);

Based on these values, we calculate the immobilized fleet under technical
revisions and annual grades [ and II as:

pr|La, .L:(M.gj.l:mgrevism (24)
Iar t,, \ 10000 8

B =| Ky, -i{w-mj-l:mzmvmiom (25)
lar 4. 20000 8

pre o2, Ao (M- 40)-l = 180revisions (26)
lar t,. 30000 8

So, the resulting values for annual immobilizations becomes:

- PMT = EnRT + EnRa + Bchz =108+162 +180 =450 annual immobilizations
due to technical reasons;

- P°=10%-P =0.1-450=45 annual immobilizations due to
organizational reasons;

- PmF =1.5%- BnT =0.015-450=6.75 ~ 7annual immobilizations due to
force majeure;

In conclusion, the total inactive fleet resulted is:

_(BSHR+RT) 45044547

P, — =2.008=3 (27)
Zan ucr 250
The total inventory fleet is P, expressed as:
E = PA + ])in (28)
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where:
P— Inventory fleet;
P,— Active fleet; P, =18vehicles;
P, — Inactive fleet; P, =3vehicles;
P =P, +P, =18+3=21vehicles
Calculation of the distance traveled by a vehicle in one day:

lmz = nc/z : lC (29)

where:

[,.— daily distance traveled by an active vehicle;

n,,.—number of trips per day;

n,,, =3trips;

lc — length of one trip;

le=2d] =80km;

l.=n, -lc=3-80=240kn/ days

CONCLUSIONS

Multimodal transport is considered a secure alternative for the future, as it best
meets both the increasingly pressing requirements for decongesting roadways, protecting
the environment, and conserving energy, as well as the growing demands of transport
beneficiaries regarding the range and quality of services.

The largest standardized cargo unit is the container, which allows for the
grouping and securing of packaged goods placed on pallets, thus serving as both
packaging and a shipping unit.

From a technical perspective, the standardization of the container allows for easy
"linking" between the transport means involved in the transport chain, ensuring the rapid
flow of door-to-door transport.

Considering that containerized transport is multimodal, and that intercontinental
exchanges require the use of at least two distinct modes of transport, using a container
when dispatching a load greatly simplifies the repeated handling and storage operations,
helps reduce stock levels, and minimizes the risks of loss, damage, or theft of cargo.

Therefore, the container can also be seen as a mobile warehouse; while the goods
are "stored" in the container, they are simultaneously heading toward the recipient, thus
reducing both stock sizes and storage requirements.

In rail transport, containerization reduces the workload at classification stations,
increases the commercial speed of trains, and raises the turnover of freight wagons by
20-25%.

In road transport, containerization facilitates significant savings in investments
by simplifying the construction of transport means and making better use of traction
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equipment.

In short, the loading and unloading operations of a container with goods
previously stacked in it are reduced to 2-3 minutes compared to 3 hours, which were
required in the case of conventional transport.
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