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O ABSTRACT 0O

This research includes evaluating the work of maintenance of themachines through
their own key performance indicators (KPI), and approved byindustrial and service
companies, We mention reliability, readiness <average time between failures, average
Repair time <average time of periodic maintenance of their production and
serviceequipment.

After the data processing of emergency failures and periodic maintenanceof
machines , we extracted values for maintenance performanceindicators, we measured
their performance and correlation to evaluateits compatibility with global indicators.

The research aim to assess the current situation through the use ofquantitative
methods pattern which is used to access the values of theprevious mentioned performance
indicators and their interdependence tobe used in support of maintenance decisionsin the
container terminal later.

We noticed a strong inverse association between periodic maintenance TPMtime and
breakdown TBD, and reached a value rERS = -0.99, and thereforewe must focus on
increasing periodic maintenance to reduce breakdowntime, and replace parts that cause
recurringproblems  which caused about intensive breakdowns, thus reducing
periodicmaintenance time.

Also we were able to classify the quality of maintenance and machinesthrough the
readiness and reliability indicators and the mean timebetween failures.

Keywords: maintenance, KPI, container terminal, availability, reliability ,correlation
factor
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Clpisall oda Lgadaat o gy ) Apledl) adll (e Uiyl JiiReliability 4.8 55all 28 o) -2
gl Basall oS SN JCal Gl 805 L e Jlil) (0 0 D Agialad) e (L) Al
3 Gl ol 18.41 — 22.3805m L moliiyy o€ shall i) = 3
A gipally Apalall ( Lali¥) Jelaal Jalada s (2) S
120.00
100.00
e
60.00 —¢— Availability
40.00 —m—Reliability
20.00
000 T T T 1
ERSO2 ERS0O3 ERSO4  ERSO6

AS) clyslall cléliviReliability g Availability LUSY) Jalea g (2 )JSEd
:SCHoL&l do elld gadal & Lag
MTTR_PM 450l Lluall (e JS 23aY) (1) o gie Glua sSCHALLWIMTBE - Glua

(5) dsaadl b 5asmpall pilly (adlMTTR_BD Jlaed) 2l

cclicalall gthe ¢ Jualdl) Gajlly JUaeY) g3kal dlas g 4y 50 Lilsa Lilee o IS8 a3l augia G (5 ) g2

Mean time between | meantimeto | mean time to
failures repair BD repair PM
SCH03 4.77 0.87 0.41
SCH13 3.73 0.77 0.24
SCH19 6.61 0.71 0.36
SCH21 35.73 0.81 0.32
SCH22 22.25 0.88 0.28

el i MTBF 53 15 LiMTTR_PM 5 MTTR_BD  (yiiall haiall ooy 5 (3) JS 3
masmpall Cplelal) g 5 lie dllal)
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S Jlae 23a) ) dgayg 5pia Ay deln 35.73 = 3.73 0 e o iMTBF o Lasin |

By 52 Jee Glelag
Aol e Ji gl aalsll 23D 0.88 = 0.71 00 e QSMTTR_BD &3 (e Jaussia o 2

el iele 0.41 = 0.24 o Wlead cagli MTTR_PM

Agysal) Dilall el Jans i 3
Al ) ATT e i)y saal gl Ay gall Al

ERS a8 (o Jumdl dad a5 Jlael dilps dele ) a3 dee delu 11,79 olS Lausid) & 4

Ll e Ju las (gAY cilialall e SCH22 3 SCH21T (e JS aie Li<y &I MTBF o 5
cll3 38y i Jaad) el aaed B3 gallyy Calaial 9-4 0 Le sy Janay lapse (e S Juadl asy

TBD  JUac¥) #3a) (a35 TPM (gy5all Llpall (o) 0 FSCH cliala LoV Jales il o
s 9 ALl Alie p3l) o o Ll (6) dsaadl 8 oan Lo 13 g (58 (S LuSe Uiy Ll s

clidalall b Y1 Jaleay JUae S 3laY) cradg Auygal) ibsall (o) G (6 )Jsaadl

SCHO03 SCH13 SCH19 SCH21 SCH22
TBD TPM TBD | 7pm | TBD TPM TBD TPM | TBD | TPM
Monthl | 73.96 1.54 50.16 | 1.91 | 42.42 0.95 5.85 5.00 | 30.40 | 1.00
Month2 | 42.28 6.54 3541 | 196 | 31.71 1.01 6.52 6.08 | 14.24 | 450
Month3 | 25.05 | 10.00 | 46.95 | 2.04 | 19.27 2.97 17.73 | 0.90 | 20.53 | 2.05
Month4 | 42.27 5.01 930 | 280 | 4.63 9.50 9.66 445 | 15.60 | 4.75
rSCH -0.96 -0.94 -0.91 -0.97 -0.93

oobis clialal) gpeal JUaed) #Slaly dysall Dlpall Gajl bl ¥ Jebeal Uaaas I JSEN Cpn
AT il Leaaa) 3l Jaladil) 4nimsy Lo 13ay (558 bl Jane 525 —0.97 5 -0.91ole
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Ble Edr  View Jsert  Tools Desktop Window  Help -
D3 dS |k NA0DLL-QA 08 s

WCORREL FOR PM SCHO “coaﬂa BO] P SCH1I s"OORREL B0& PM SCH1S

cclidalall JUae Y z3al Gadg @) g3y ) Om DL Jalaa G (4 ) Jsad
(7)dsaadl A Leapn Allg clicalall 4 6 galls dpalall Jalas dulyng Gl & WS
ccilidalall A8 g salls dyjalal) o ey (7 ) Jgaad

Availability | Reliability
SCHO03 92.82 83.04
SCH13 92.77 79.01
SCH19 96.10 89.10
SCH21 98.05 95.92
SCH22 96.76 95.65

tUl i SCH I 4 i gally Appalall il dulal dagiy
ALE JUaeY) 3als (gy0all 23 (s IS ad 50 Bt s Availability dalall ad of 1
Il G 805 L adige Jsriill (g oY Dkt dpalal) (e s35a Jif Reliability 4455l o8 2
Bagall Gy 08 S A

4.08 = 20095 W zoljiss laws € yladll o5 of 3
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321



Sle gagenall (Cang Lyl oY) i dlaie by ) Al i

120.00

100.00 -

2000 .’_\7‘—’_':"

60.00 - —— Availability
- Reliability

40.00 -

20.00

0.00
SCHO3  SCH13 SCH19 SCH21 SCH22

.clislall Reliability 5 Availability his¥) Jalea ¢ (5 )Jsil
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o) el pgllas ) Goailly JUas) g5ha) Ailas s 90 Al Aol (3o IS (3at) Jaaagia G (8 )dsandl

Mean time between mean time to mean time to
failures repair BD repair PM
QCo01 40.06 0.60 0.50
QCO02 25.73 0.40 Unavailable
QC03 55.50 0.97 0.84
QC04 35.62 0.80 0.62

Al bl Joa gl

aac slgiie JUact aael Gl 3sry5 3ms dels 55.50 = 25.73 (o e cngl iMTBF o8 baugis |
s oYl JalSh AU Cpailly el ay) (3 Jhae 33-18 mle JaeY) canglii dum ¢ 1€ Jae el
el gyl (53 8507460 o dand) lelus deln 17-12 ¢ b

Aels e Ji gl aalsll 23D 0.97 = 0.40 o QSMTTR_BD 2306V (e Jawssia o 2

Lhaall Alaal 2l 0.84- 0.50 ulead cingly MTTR PM g yeal) dilaall eill Jassin 3
<Unavailable 4alie e dedl Jea Lo 1385 4350 Ailua lee &) Jaus d QC02 o alall aabaalgl) 450l
Leila e sral ag AT AT e ibial

Bam el 13y Jlhef Ailua dels ) 4als Jae 20158.680< oIS Ll & 4

Gle 28 el Dlual) ey (Y dalud) eVl 8 LS QC ciladl ) Bli Y1 Jalee ol golaiasi & 5
A0S0 LS ) sl JalS) Lpanyy etV i
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tAgpall adlgyll e lplua 5 A (9)dsaadl 8 Adgisally Apalall ad 2 )
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Availability | Reliability
QCo1 99.58 98.25
QC02 99.54 98.47
QC03 99.42 97.57
QC04 99.45 96.67
%100 e i o cany ) Aallad) 2l pe 85lie o 8QC 1 455 salls Ajalall il Ayl Ay
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oY) e S b & i % (99.42-99.59 )iaa sam Availability  dpalall ad of 1
OllE 0.4-0.97 ey zals0.5-0.84 )5
Aol Sl 32l Jlae (e (81596.67-98.47 dpalall (e Sl Jil - Reliability 4 gisall o 2
3.33 = 1.530 L zshiiny Lt jsiaa jladll i o 3

100.00
99.00
98.00 B o
—&— Availability
97.00
——Reliability
96.00
95.00
QC01 QC0z2 AQCO03 QcCo4

A ual) ciladfjIReliability 5 Availability Lis¥) Jales o (6 )JSal
Y Cahs dpsall Alpal) (1a35 463 sl Cileles o ) 25my 3855 5all Aad (alids) s )
Apalal) e S el Jleley A8 sl il 15.95

g gilly calaliiiay)
VY e Sy sy Reliability 4.8 gall xe 45)l80 L..m sua Availability agalal) a8 o
Ol Jlae ¥l &laa ) Jaall (g duis (ERS & SCH (e i ,SIQC 3eMTBF s dug sadl)
iy Laa(100-95 ) gallad 2l n sy e (m LESs Jonil gy o QC om0l U Lowclai
Basall (8 Aaleadl) (385 Leuii oS (AL @lld s Jaall el 23a] 3352l tia <8 Sy 330a gl

323



e (sasanall (Caug Lyl 1Y) i slaiely AU Ailua 2y

) 3 clialall 5 Y Al lliull s aaatll (e Y UL ERS e SCH laaeys QC
LAl
Gl ol s IS0 Luke Walg)l TBD  Jlae¥l 23ia) (ajs TPM - dgysall dulauall (a3 ¥ ks

teb Lo may c353n e o)) (Sapdl) Agysall Blall (o) ae Al it JUacY) #Slalia

e #3a) ey dulis Ml JUae Y1 (e Jaliill 4y o0l Ailpall clilee s35a e 585 Cang

A Jaely s Gum ) Kl IS s clS e DY il sha) iy o (55 pallis
BaY )00 dilea ity aa pney dials hae Jladind ) A5l Dlaall o) (e Jliy JIaial] 13a ASe
(o)) e Ty B

& Jl JSMTTR_PM Llee (30)52.84-4.27 5ulMTBF 2 il e ) culyglal) culilin vie
ZobaY) Gl AL Y (K150.69-0.92  Lgblaal apf cslK MTTR_BD - il <0.1-0.27 Jaus sial)
eIV CBlalen Gpueny Lo callaginds 3 Ailua Cililee elia) Goagiy lae Jenll Cile b pa 43)lia LS
sl g o g

:aalyall

[1]- ADITYA. P ; UDAY. K, “Maintenance Productivity and Performance
Measurement”, springer3-471-84882-1-978 , 2009.

[2]- FREDRIKSSON G. ; LARSSON. H, “An analysis of maintenance strategies and
development of a model for strategy formulation”, Master of Science Thesis in the Master
Degree Programme, Production Engineering, CHALMERS UNIVERSITY OF
TECHNOLOGY Goteborg, Sweden, 2012.

[3]-MUCHIRI, P.,etal, “development of maintenance function performance
measurement frameworkand indicators”, International Journal of Production Economics
,2010, d0i:10.1016 /j.ijpe.2010.04.039.

[4]-KUMAR.U; GALAR.D; PARIDA.A, STENSTOEM.C;
BERGES.L,”Maintenance performance metrics: a state-of-the-art review”, Journal of
Quality in Maintenance Engineering, Vol. 19 No. 3, pp. 233-277, 2013.

[5]-MOHAMED BEN-DAYA + SALIH O. DUFFUAAABDUL RAOUF -
JEZDIMIR KNEZEVIC « DAOUD AIT-KAFI, “Handbook of Maintenance Management
and Engineering”, Springer-Verlag London Limited, 2009.

[6] - ARTS, R.H.P.M., KNAPP, G.M. and MANN, L. “Some aspects of measuring
maintenance performance in the process industry”, Journal of Quality in Maintenance
Engineering,Vol. 4 No. 1, pp. 6-11, 1998.

[7]- SWANSON, L. “Linking maintenance strategies to performance”, International
Journal of Production Economics, Vol. 70 No. 3, pp. 237-244, 2001.

[8]- BARRINGER, H., PAUL, “The Evolution of Reliability”<International
Maintenance conference December 7- 10,2003.

[9]- DAVID. M. L; SCOTT.D; HEBL.M; GUERRA.R; OSHERSON.D;
ZIMMER.H, “Introduction to Statistics”, Rice University& University of Houston,
Downtown Campus,2008,694.

[10]- WILLIAM.H.P; SAUL.A.T; WILLIAM.T.V; BRIAN.P.F, “Numerical Recipes
in C ”, The Art of Scientific Computing Second Edition, Cambridge New York,2002,949.

324



