publishing

i Science of Maintenance

ISSN 2787-3072
1-2 (2021) 1

Journal homepage www.m-sci.rs

A contribution to identification of the port machinery maintenance

importance

Deda Djelovic

Port of Bar, Bar, Montenegro

Abstract

Key words

Overall importance of maintenance and, in that context, importance
of port machinery maintenance, from different points of view, is
analyzed in numerous references. In this paper are shown results of

port machinery;
maintenance;
importance;

a research on port machinery maintenance system importance,

based on the recognized importance level of port machinery for
achieving required level of productivity in the cargo handling
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process. Research is conducted, using specific methodology, within

the cargo handling and port machinery maintenance system in the

Port of Bar (Montenegro).

1. Introduction

The general purpose of maintenance is to maximize
an asset’s useful lifetime and minimize costs [1]. Like
other industries with the need for consistent
turnaround rates, the shipping industry depends on
port machinery and trained operators to maximize
uptime. Improper maintenance can significantly
decrease the productivity rates projected during an
operational assessment [2]. General inter-
connections between cargo handling system and port
machinery maintenance system in a seaport are very
complex [3]. The most rational approach in defining
port machinery maintenance system objectives is the
one based on the key elements of the cargo handling
process and the role which port machinery has in that
process. Implementing mentioned approach,
following principal objectives of the port machinery
maintenance system can be recognized [4]:

e enabling maximal operative readiness of the port
machinery;

e enabling maximal level of the port machinery
reliability;

e minimizing duration of the port machinery
downtime status; etc.
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All of defined principal objectives have complex
structure - have their own ,sub-objectives®. In a
condensed manner, general objective of the port
machinery maintenance can be defined as follows: “to
improve the productivity and efficiency of the port by
increasing equipment availability” [5].

The scale of port investment in equipment and the
growing significance of equipment running and
maintenance costs on revenue budgets and company
profitability justify a considerable rise in the status of
the maintenance function [6]. Overall importance of
maintenance and, in that context, importance of port
machinery maintenance, from different points of
view, is analyzed in numerous references (published
all over the world). Just as an example, and in order
to illustrate very wide variety of years of publishing,
countries of origin, attitudes, etc., here are just
mentioned references [1], [2], [6], [7], [8], [9], [10].

In this paper are shown results of a research on port
machinery maintenance system importance, based
on the recognized importance level of port machinery
for achieving required level of productivity in the
cargo handling process. First phase of the research
was identification of the decisive influence of port
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machinery on productivity level in the cargo handling
process. Following research phase, using results of
the previous phase as an input, as well as results of
some author's previous researches of negative
impacts of cargo handling process interruptions
caused by port machinery on the achieved level of
productivity, is oriented to generating bases for
confirming importance of the port machinery
maintenance. Concrete results of research shown are
related to the cargo handling and port machinery
maintenance systems in the Port of Bar.

2. Identifying influence of port machinery
on productivity level in the cargo
handling process.

2.1. Initial theoretical bases of the research

Productivity is defined as the amount of output per
unit of input [12, 14, 15] and is based on local
circumstances of labor, equipment, land, capital,

management, infrastructure and politics [11, 13]. It
can be also defined as a summary measure of a
quantity and quality work of performance with
resource utilization considered [16].

In the available literature sources can be found
numerous additional definitions of productivity. Very
detailed literature reviews related to the productivity
in ports are presented in references [11, 12, 15, 17].

2.2. Object of the research

In the Table 1 are systematized elements which
determine object of the research done.

2.3. Basic hypothesis of the research

Starting hypothesis of the research is: Productivity
level in handling operation with bauxite on the
relation from wagon to open storage area is directly
depending on used types of port machinery as well as
on used number of port machinery.

Table 1. Elements which determine object of the research

Cargo handled

Bauxite (specific density: 1,7 t/m3)

Cargo handling operation

Wagon to open storage area

Port machinery used - basic
identification

Gantry cranes - Cerretti e Tanfani (ITA): SWL 12 t (with grab);
Material handler 825 M - Sennebogen (GER);
*port machinery which is the same for all analyzed variants is not considered

Port machinery used -
variants

Variant 1: Gantry crane
(GO)

Sub-variant 1-1: 3 workers
Sub-variant 1-2: 4 workers
Sub-variant 1-3: 5 workers
Sub-variant 1-4: 6 workers
Sub-variant 1-5: 7 workers

Variant 2: Two Gantry
cranes (2 GCs)

Sub-variant 2-1: 3 workers
Sub-variant 2-2: 4 workers
Sub-variant 2-3: 5 workers
Sub-variant 2-4: 6 workers
Sub-variant 2-5: 7 workers

Variant 3: Three Gantry
cranes (3 GCs)

Sub-variant 3-1: 3 workers
Sub-variant 3-2: 4 workers
Sub-variant 3-3: 5 workers
Sub-variant 3-4: 6 workers
Sub-variant 3-5: 7 workers

Variant 4: Gantry crane
(GC) + Material handler
(MH)

Sub-variant 4-1: 3 workers
Sub-variant 4-2: 4 workers
Sub-variant 4-3: 5 workers
Sub-variant 4-4: 6 workers
Sub-variant 4-5: 7 workers

Variant 5: Two Gantry
cranes (2 GCs) + Material
handler (MH)

Sub-variant 5-1: 3 workers
Sub-variant 5-2: 4 workers
Sub-variant 5-3: 5 workers
Sub-variant 5-4: 6 workers
Sub-variant 5-5: 7 workers

Variant 6: Three Gantry
cranes (3 GCs) + Material
handler (MH)

Sub-variant 6-1: 3 workers
Sub-variant 6-2: 4 workers
Sub-variant 6-3: 5 workers
Sub-variant 6-4: 6 workers
Sub-variant 6-5: 7 workers

(MH)

Variant 7: Material handler

Sub-variant 7-1: 3 workers
Sub-variant 7-2: 4 workers
Sub-variant 7-3: 5 workers
Sub-variant 7-4: 6 workers
Sub-variant 7-5: 7 workers
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roles:

Short description of the used
port machinery and workers

Element of the variant/sub-
variant

Description

Gantry crane(s)

Unloading cargo from the wagons

Material handler

Unloading cargo from the wagons

Workers

Collecting cargo residuals in the wagon at the
outreach of gantry crane and/or material handler;
repairing damaged wooden floors of the wagon -
damaged during the unloading operations; assisting
in the process of shifting wagons over the operational
area;

Period

January 2017 - December 2019

analyzed

Number of working shifts

248

analyzed

Indicators of productivity

Indicator 1: Number of wagons unloaded per working hour;
Indicator 2: Cargo quantity unloaded per working hour;

2.4. Research methodology

Elements of the used methodology for conducting this research are presented in the Table 2.

Table 2. Elements of the used research methodology

Parameter

Source of values (applications within the Port of Bar

information system - LUBARIS)

Method of callculation

Type of the cargo, C

Type of the cargo
handling operation, O

B 'LUKA BAR' BAR
Akcije Editor Blok Polie Slog Upit Dodatne akeije Window poMoz

-C - bauxite;

& Pregled realizacije dnevnih naloga i mikro plancva =N ==
? Mesto rada Datum naloga Smena
611 | Terminal Volujica l02.03.2019. il _O _ Wagon to open
|
Stav.ka dnevnog nalo:_]a POTVRDA | UZ DOKUMENT | IDISPOZICUA | DNEVNI NALOG storage area;
Broj _Rb. Datum naloga Sm.Status Podnosiac PP Dispozicja PLANIR _OSTVAR OSTALO
1 [02.03.2019. |1 |Isplaniranc_-|[ZETATRANS 29 Lzvoz frao0 17284 |[&27.16
1 [02.03.2019. [1 [Isplaniranc - |DPADROAGENT 287 Tzvoz [1oo0o00 [1333.01  [pes6se.o5
i 4 [02.03.2019. 1 [Isplaniranc_- |[NIMONT 8 Razvoz f2o000  [i30.15  [19669.52
3 1 [02.03.2019. [1 | Isplaniranc_- | [NIMONT = Razvoz [z0000 p7.02 [19972.98
) i [02.03.2019. [1 | Isplaniranc=] [
1 |02.03.2019. |1 |Isplaniranc_r||PGS MONTENEGRO DOO 1450 | Tranzit )4713.66 1772.12 [2946.54
3 1 [02.03.2019. [1 [Isplaniranc_-|[FORMONT [253 [izvoz o000 0.6 15979.4
1 |02.03.2019. |1 |Isplaniranc_IJPADROAGENT fa01 [Tranzit [16365.969] [16365.9¢
] o
2
Mikro plan POTVRDA |  UZ DOKUMENT| MIKRO PLAN
E Broj Rad od - do Pl.rad. Br.rad. Ef.éas. Uk.¢as.Cena Uk.bod. Status __ PLANIR _ OSTVAR OSTALO

|1 [02.03.2019. 07:0[02.03.2019. 14:00/9
|

= [T I I I

P~ |63 [075  |oo6.53ifzawen b [1343.01 [1343.01
[ [ I [ [

B "LUKA BAR" BAR
Akcije Editor Blok Polje Slog Upit Dodatneakcjie  Window poMos

E&] Pregled realizacije dnevnih nalega i mikro planova

Mesto rada

611 Terminal Volujica

Datum naloga

Smena

02.03.2019. 1

[E=8 el |

E Stavka dnevnog naloga POTVRDA _|

-|[Iskizdte otvoreno-kamion kiper PETROLKOKS
«

POTVRDA UZ DOKUMENT

Mikro plan
Broj Rad od - do

UZ DOKUMENT | DISPOZICDA | DNEVNI NALOG |
anipulaciia wrsta robe Vrsta tereta estoPLANIR _ OSTVAR OSTALO
-|fiamion-skiadiéte/samoistovar  [ZELJEZO STARO RASUTI TERET Termif#000  [172.84 [s827.16
agn*klad'ste otvoreno BO RASUTI TERET Termi[1000000 [i343.01 [98656.55
| o kamion HM\JENI RASUTI TERET Termifzaooo  [130.15  [1s86%.32
x Depnga-kamion HLOVINA RASUTI TERET Termipoooo 702 fies72:98
=l R po efektivnom satu EFEKTIVNI SAT [EFEKTIVNI SAT Termi]

— SkiadiEte atvoreno-brad KOMCENTRAT OLOWNI RASUTI TERET Termia718.66 [1772.12 |poa6.54
+ Kamion-skiadiéte/samoistovar_[ZELJEZO STARO RASUTI TERET Termifzooo0  fos  |=s7e.+
= RASUTI TERET Termi[16365.963 [16365.9¢
?
2

PLrad. Br.rad. Ef.¢as. Uk.cas.Cena

63 [o75

i

MIKRO PLAN

Uk.bod. Status _PLANIR _OSTVAR OSTALO
|o06.531[zavrEen [1343.01 [1343.01

|1 lp2.03.2015. 07:0¢[02.03.2019. 14:00/8 e |7
[ 1 [ [ [ [ [

Number of working
shifts analyzed, S

E”LUKA BAR" BAR

-creation a sample:

Akcije Editor Blok Polje Slog Upit Dodatne akcije Window poMoae
T —— fo o s random selection of

o . .

53| o — iy R working shifts from the
|

period from January

Stavka dnevnog naloga POTVRDA | UZ DOKUMENT | DISPOZICDA | DNEVNI NALOG
Broj _Rb. Datum naloga Sm.Status Podnosiac PP Dispozicja PLANIR _OSTVAR OSTALO
-f1684 1 f02.03.2019. [1 [isphanianc_-|[ZETATRANS 29 Lvoz fso00 172.84 [827.16 201 7 to December
FEEE 1 [02.03.2019. [T [Isplanianc - | JADROAGENT 287 [izvoz [1000000 [1343.01 [p9sese. 8¢ 2 0 1 9 .
=| 1606 [& [02.03.2019. [1 |Isplaniranc_-][NIMONT 8 [Razvoz [ooo0  [130.15  [Seen.s2 )
x 1606 |1 |02.03.2019. [1 | Isplaniranc_~ | [NIMONT [ [Razvoz [oson 7.0z [19972.98
3 1779 1 [02.03.2019. [1 | 1splanranc=] [ -number Of analyzed
— 1787 |1 |02.03.2019. |1 |Isplaniranc_v||PGS MONTENEGRO DOO 1450 | Tranzit )4713.66 1772.12 [2946.54 .
£ 1541 J1 [02.03.2015. [t [1splaniranc_-|[FORMONT [353 Tzvoz 20000 [e0.6 [19979.4 ShlftS: 248
|| -Ji763 [t Jo2.03.2018. [T [isplanianc_=I[ADROAGENT fa01 [Tranzit [16365.965[ [16365.9¢
hs|
. ol
2

Mikro plan POTVRDA |  UZ DOKUMENT]

Broj Rad od - do
[T jp2.03.2019. 07:0¢ 02.03.2010. 14:00[0
|

=

Pl.rad. Br.rad. Ef.¢as. Uk.Zas.Cena

o 63 [075 [o0653i[Zawden b [1343.01 [1343.01
I I I

MIKRO PLAN

248
S = Z Si
PLANIR _OSTVAR OSTALO i=1

uk.bod. Status

it

where:i=1, 2, ..., 248;
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Parameter

Source of values (applications within the Port of Bar
information system - LUBARIS)

Method of callculation

Variant of the cargo

Used port machinery
per variant of the
cargo handling
operation, Pt

handling operation, Vi

BEl'LUKA BAR' BAR
Akcije Editor Blok Polie Slog Upit Dodatneakcje Window poMos

-
BE] Mikro plan
. o= |
O3 Prekiirada| Rachia | Kepacten | zakuér | | | Stradliste [Stprekradal zapsnik | Potwda | Pon.zaki. |
E Mikro plan ~ Stavka dnevog naloga
E P SDeditEfﬁADRGAGENT
Mesto rada[Terminal Volujica Br. naloga [1759 Manipilacja/Vagon-skiadiste otvoreno
Status Brod Dat. nalogal02.03.2019. Vrsta tereta|RASUTI TERET
ZAVRSEN Skiadiste VOLUJICA Rb. st. dn. naloga |l rsta robe |BOKSIT
= pis Varjante 52 I 3itra eh. postupa rikaz
¥ Broj MP Opis Vi te TP [Bksit 52 2PM | 3tra (1Teh. postupak[RASUTI TERET Prikaz TP
Smena
z f Br. od. rukuf1 Koli¢ina|1000000 Br. smene |1 odfz Do14
¥
— 0rg. rada JPaviovic |pavie Brojat |Paviovic pavie Skiad. [Paviovic pavie
*
| Rad od-do [02.03.2019. 07:00 [02.03.2019. 14:00 | Pln. Rad. |9 Br. Rad. |9 Proc. uvedanja|o
D||  Efek. tasova 7 plan. kal. [o Cena| 0.0750  Brod. ski. Gratlo
? Ukup. &asova |63 Norma |1343.01 Ukup. Bodova 506.5315 Sir. groth DuZ. grotla
Vrsta Norme [KOLICTNA > | Koli¢ina za dod. radnje Jed. mere Ucinak merfiv [~

lie

Stavke mikro plana

cargo handling
operation variant, Wy

Prikafi alate-operacje u Raspored
= Rb Prezime Ime kapacitet nor. od
B | [t |marovie Esad UTOVARIVAC 24 WA200PZ-6 KOMATSU ¥ [02.03.2019. 07:00
9| | & [ereniie Ivo PRE]QVARNIMOST PM'B" CET ¥ [02.03.2019. 07:00
3 |Cobrenovié Dragan P%ARNI MOST PM"B" CET v |02.03.2019. 07:00
|+ [pemirovie [agim [PAETOVARNI MOST PMC" CET ¥ [02.03.2019. 07:00
5 |eracie [Nedzad [PRETOVARNI MOST PM"C” CET ¥ [02.03.2019. 07:00
< | Dl
gcgfé [02.03.2019. 10:19  [Dragan ILonéina Zakf. [02.03.2019. 13:33  Dragan ILonéina
: B "LUKA BAR' BAR qn
Cargo qu.antlty . Akcije  Editor Blok Polje Slog Upit Dodatneakeije Window poMos pg = —
handled in a shift, q; R =l T,
€3 Prekiciraca | Rednid | Kepaciet | zakiuai | | | Strad.iste |Stprek.rada| Zapsnk | Potvrda | Pon.zaki. | where:
E Mikro plan P Stavka dnevog naloga )
. . editer] - .
Effective working e L — g=1,72,..,248;
. . Mesta rada|Terminal Volujica Br. naloga [1759 ManipiacialVagon-skladiste otvoreno
time per Shlft; Te Status Brod Dat. nalogal02.03.2019. vrsta teretalRASUTI TERET h= ]_, 2, , 248,
ZAVRSEN Skladiste VOLUIICA Rb. st. dn. naloga [T Vrsta robe [BOKSIT
i Broj MP Opis Variante TP |[Boksit sa 2PM i 3ftra (1Teh. postupak[RASUTI TERET Prikaz TP e= 1, 2, ey 24‘8,
Hourly producthlty % R Br. od. rukult Koli¢ina[1000000 i [ odfy Do [14
per Cargo handllng T Org. rada [Paviovié |pavie Brojac [Paviovié [Pavie Skiad. [Paviovié [pavie
R . | - Rad od-do [02.03.2019. 07:00 [02.03.2019. 14:00 | Pln. Rad. [0 Br. Rad.fo Proc. uvecanja|o
Operatlon variant and | Efek. Zasoval7  Phn.kollo Cena| 0.0750 Brod. skl. [ Grotlo|
per Shlft p ? Ukup. Zasova |63 Norma |1 3gg-01 Ukup. Bodova [506.5315 Sir. groth Dui. groth
» 8 E Virsta Morme |KQZICIna ¥ | Koli€ina za dod. radnje Jed. mere Ucinak merfiv [~
u Raspored Raspored Maor.
= kapacitet nor. od do Oznaka rada sati
D | 4200PZ-6 KOMATSU W [02.03.2019. 07:00 (@2.03.2019. 14:00 [Rad u normi 100 % [
Q| BwE cer W [02.03.2019. 07:00 /]02.03.2019. 14:00 |Rad u normi 100 % i
PM"B" CET ¥ [02.03.2019. 07:p6 [02.03.2019. 14:00 [Rad u normi 100 % 7 h
PMC” CET [ [02.03.2010. (7:00 [02.03.2019. 14:00 |Rad u normi 100 % 7 [
PMC' CET I [02.03.2019. 07:00 [02.03.2019. 14:00 |Rad u normi 100 % 7R
K| SRR
gﬂgz 02.03.2019. 10:19  [Dragan ILonéna Zzkf. [02.03.2019. 13:33  [Dragan LLonéina
Mean value of hourly | Number of 1 2 3 247 248 Yi*®p,
productivity per all shifts, si Pv = 248
analyzed working
shifts and per cargo
N per carg Hourly p1 p2 p3 Pp247 Pp24s
an. ng operatlon productivity
variant, Pv per shift, pg
Zbirni izvjeitaj 23 period o izviEenom radu
Number of wagons e X8 w,
. 2.8 =3 0 ? =
unloaded per shifts =g en — W, 248
Zbirni izvjestaj o radu 500D Brt e 520) 30000,
and per Cargo pregled izvrSenog rada za period 02.03.2019. - 02.03.2019. 300-580, 300-500 Where:
. . Luka Bar : - .
hal’ldlll’lg Operatlon Skladisne manipulacije
Variant, Wg 611 Terminal Volujica \A v= 1: 2; ey 24’8;
janip. JTeret T -~ [ Ws. [ Ws | Ukupnot [ Km. [ Vg. | 201 | 401 - 1 2 24‘8
k-sls PELJEZO STARO 103.44] 128.02 0.00| 321.46( 15 [ 0] 0 LER)
Average number of T SVaMCT i S— - - - A
Wagons unloaded per %n; 2za Terminal Volujica (2 operac.) 153645 711.08 0.00 224753 15 33 0 0
all analzyed sh]fts per Ukupno: [ 1534y 711.08] 0.00 224753 15 vﬂ—o\ q

2.5. Research results

In this paper chapter are presented two groups of the
research results: Distribution of cargo handling
operation variants per shifts (describing what was the

share of an operation variants implementation in the
total number of analyzed shift) and Influence of types
and number of used port machinery on the productivity
in the cargo handling process.
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2.5.1. Distribution of cargo handling operation variants per shifts (% share)

Results on distribution of cargo handling operation variants per shifts are given in the Table 3.

Table 3. Results on distribution of cargo handling operation variants per shifts

Distribution of variants | Variant/Sub-variant % share of implementation
implemented per shifts (in total number of analyzed shifts)
(% share) Variant 1: GC 2,7
Sub-variant 1-1: 3 workers 0
Sub-variant 1-2: 4 workers 0,7
Sub-variant 1-3: 5 workers 0,7
Sub-variant 1-4: 6 workers 0
Sub-variant 1-5: 7 workers 1,3
Variant 2: 2 GCs 14,9
Sub-variant 2-1: 3 workers 0
Sub-variant 2-2: 4 workers 0
Sub-variant 2-3: 5 workers 1,3
Sub-variant 2-4: 6 workers 48
Sub-variant 2-5: 7 workers 88
Variant 3: 3 GCs 13,5
Sub-variant 3-1: 3 workers 0
Sub-variant 3-2: 4 workers 0
Sub-variant 3-3: 5 workers 1,3
Sub-variant 3-4: 6 workers 12,2
Sub-variant 3-5: 7 workers 0
Variant 4: GC + MH 16,9
Sub-variant 4-1: 3 workers 10,1
Sub-variant 4-2: 4 workers 0
Sub-variant 4-3: 5 workers 6,8
Sub-variant 4-4: 6 workers 0
Sub-variant 4-5: 7 workers 0
Variant 5: 2 GCs + MH 47,3
Sub-variant 5-1: 3 workers 0
Sub-variant 5-2: 4 workers 0,7
Sub-variant 5-3: 5 workers 45,2
Sub-variant 5-4: 6 workers 0,7
Sub-variant 5-5: 7 workers 0,7
Variant 6: 3 GCs + MH 0
Sub-variant 6-1: 3 workers 0
Sub-variant 6-2: 4 workers 0
Sub-variant 6-3: 5 workers 0
Sub-variant 6-4: 6 workers 0
Sub-variant 6-5: 7 workers 0
Variant 7: MH 47
Sub-variant 7-1: 3 workers 4,7
Sub-variant 7-2: 4 workers 0
Sub-variant 7-3: 5 workers 0
Sub-variant 7-4: 6 workers 0
Sub-variant 7-5: 7 workers 0
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General layout of the
cargo handling process -
variant/sub-variant with
the biggest share of
implementation - Variant
5: 2 GCs + MH, 5 workers
(Remark 1: the 5t worker

is not shown - it is
engaged in repairing
eventually damaged

wooden floors during the
unloading operation and

Utavarivad \
g
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A% / Betonski zid

1
™|
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il

of
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o

wagons shifting; Remark

by |

Rukovalac Utovarivada

2: as mentioned before,

eria
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nizator rada
e
Il

T i '

i
. i

r Ltr1 Lr3

Holosjek 4

wheel loader is common

for all analyzed variants
and cannot be taken as a
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mosts

0 I

Kolosjek 3

[Ku\usjek 2
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2.5.2. Influence of types and number of
used port machinery on the
productivity in the cargo handling

process

Average values of productivity (per both analyzed
indicators) for all cargo handling operation variants
are presented with the Table 4. Results of research
show influence of types and number of used port
machinery on the productivity in the cargo handling
process.

Table 4. Influence of types and number of used port
machinery on the productivity in the cargo handling

process
- =
S . |5 = Q
S 8- g 8“f—\ =) g 1]
QS 5 E o T &= o =
=) = @% > ; E =
5o = G © © 5=
Z 85| OS5 | 1o
S o o0 o, g € © o= £
w5 = £ g s 25 = =
- So®|l @8 Spw| @2 s
= = 2 g ) = £ =
S Sg2| gg | S=s2| g5
g Ezz| ES | E&: | EEa
Variant 1:
o 1,77 0 103,59 0
Variant 2: 2,08 +0,31 120,23 +16,64
2 GCs
Variant 3: 241 +0,64 140,50 +36,91
3 GCs
Variant 4:
o 2,10 0 120,12 0
Variant 5: 258 +0.48 149 41 +29,29
2 GCs+MH ’ ' ' :

2.6. Key conclusions based on the results of
the research

Based on results of the research shown with the Table
4., following key conclusions can be made:

e Productivity level in the cargo handling process is
directly depending on used port machinery - its
types and numbers;

e With increasing number of the used port
machinery, average productivity (its both
analyzed indicators) per analyzed variants of the
cargo handling operation wagon to open storage
area with bauxite is increasing;

Results of the research confirm starting research
hypothesis: Productivity level in handling operation
with bauxite on the relation from wagon to open
storage area is directly depending on used types of
port machinery as well as on used number of port
machinery.

3. Recognition of the port machinery
maintenance system importance

Key precondition for achieving optimal level of
productivity in the cargo handling process and to
confirm identified importance level of the port
machinery is its reliable work through the whole
process. When downtime of the port machine, S,
occurs during the cargo handling process, then three
possible actions are possible:

e replacing port machine S with technologically
adequate port machine S1;
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e replacing port machine S with technologically
inadequate alternative port machine S2, enabling
continuation of the cargo handling process but
with lower values of characteristic parameters;

e cargo handling process interruptions lasts up to
repairment of the port machine S;

From the managerial point of view, variant when the
cargo handling process interruption lasts up to the
port machinery repairment is the least favorable, as
all negative impacts on the characteristic parameters
are more intensive than in other two variants
identified. A detailed analysis of negative impacts of
the cargo handling process interruptions caused by
port machinery is done in the reference [18], and
here is only pointed out that reduction of productivity
in the cargo handling process is one of the negative
impacts which has to be focused in a specific way.

Key role in eliminating or minimizing (up to the
absolute level) reduction of productivity belongs to
the port machinery maintenance system. In that
context, following priority managerial activities could
be recognized: selection and full implementation of
the optimal port machinery maintenance model;
selection and full implementation of the optimal port
machinery spare parts stock control; etc. At the more
specific level, the especially important managerial
task is minimization of the port machinery downtime
duration, by eliminating or reducing to minimum
components of the port machinery downtime period,
as elaborated in the reference [19].

So, with presented two step approach - first step:
identification of decisive role of the port machinery in
achieving optimal level of productivity in the cargo
handling process; and second step: recognition of
decisive role of the port machinery maintenance in
minimizing reduction of productivity, especially in
variant when cargo handling process interruption
caused by the used port machinery downtime lasts up
to the repairment of that machinery - is fully
confirmed importance of the port machinery
maintenance system.

4. Conclusion

By the results of research shown in this paper is
confirmed that productivity level in the cargo
handling process is directly depending on used port
machinery (its types and numbers) and that with
increasing number of the used port machinery
average productivity per analyzed variants of the
cargo handling operation wagon to open storage area
with bauxite is increasing. Based on these research
results, by done considerations is recognized decisive
role of the port machinery maintenance in
minimizing reduction of productivity, especially in
variant when cargo handling process interruption
caused by the used port machinery downtime lasts up
to the repairment of that machinery and thus fully

confirmed importance of the port machinery
maintenance system.

Some of the shown research results indicate
necessity to take into consideration all other
influential factors on the productivity in the cago
handling process, too, what will be done in further
engagement of author in this domain.
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