IJMBS Vol. 6, Issue 3, July - Sept 2016

ISSN : 2230-9519 (Online) | ISSN : 2231-2463 (Print)

Performance Evaluation of Container Terminals in Fuzzy
Environment: A Case Study
1

Hari Krishna Tata, 2Vijaya Sai Nimmagadda, 3P.S.Srinivas, 4M. Ashok Chakravarthy

1,2,3,4

Dept. of Mechanical Engg, V.R. Siddhartha College of Engineering, Vijayawada, AP, India

Abstract
In the competitive environment, performance evaluation of
container terminals is necessary to expand facilities and improve
service quality such that overall performance of container terminals
in a region is enhanced. This study illustrates the methodology for
evaluating current status of performance of container terminals
to explore performance dimensions and their enablers need to be
focused upon. In this paper, Membership Transformation method
M (1, 2, 3) is adopted for assessment and to arrive at the score
of performance of container terminal. The earlier researchers on
the performance of ports/container terminals, four performance
dimensions namely: (1) Throughput, (2) Productivity, (3)
Utilization and (4) Service quality are considered for performance
evaluation of container terminal. A detailed application of the
proposed methodology is illustrated with a case study of a container
terminal in India. The findings are useful for the organization to
achieve specified level of performance.
Keywords
Container Terminal, Performance Evaluation, Throughput,
Productivity
I. Introduction
Performance evaluation and metrics related to container ports
have received little attention from researchers or practitioners. A
methodology is necessary to promote a better understanding of
performance measurement of container terminals. The proposed
methodology is useful not only to judge the overall performance
of the organization but also to know which performance dimension
and their enablers need to be improved.
Performance evaluation of container terminal is considered as
multi-criteria decision making problem as the measurement of
a container terminal’s or port’s overall competitiveness requires
consideration of multiple factors(operation cost, inbound/outbound
cargo, transshipment ratio, custom service, transportation, political,
social, economic, and financial environments.
Dong-Wook Song and Kevin Cullinane (1999) critically reviewed
the previously used techniques for the performance measurement of
container terminals and justified the use of the frontier model.
Junn-Yuan Teng et al. (2004) adopted Gray Relation Analysis
(GRA) in the competitiveness evaluation for container ports under
the conditions of insufficient data and uncertainty.
Lie-Chien Lin and Lih-An Tseng (2005) measured the operating
efficiencies of 27 international container ports from 1999 to 2002
by applying both SFA and DEA.
Gi-Tae Yeo et al. (2008) identified the components that influence
the container terminals competitiveness and presented a structure
for evaluating them.
Byung-In Park and Hokey Min (2011) proposed hybrid model
(data envelopment analysis/ Analytic hierarchy process) to identify
factors specifically influencing transshipment port selection.
Ji-Feng Ding wt al. (2012) developed a fuzzy MCDM algorithm
to evaluate the service performance for container ports.
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Abbas Toloie-Eshlaghy and Mahdi Homayonfar (2011) made a
review on MCDM methodologies and applications from 1999
to 2009.
Otieno Robert Kennedy et al. (2011) adopted structural equation
modeling to build a model of sea-port operational efficiency as a
further step to examine the significance of the characteristics.
Spyros Niavis and Theodore Tsekeris (2012) identified major
determinants of the technical efficiency of container seaports in
the region of South-Eastern Europe.
Nooramin, Amir Saeed et al. (2012) compared AHP and FAHP
techniques for solving the problem of selecting the most efficient
container yard gantry crane amongst three alternatives.
Hassan Jafari et al. (2013) implemented fuzzy TOPSIS method to
analyze performance in container handling operation.
Joyce (2013) proposed a network-DEA model to evaluate
the performances of 30 seaports worldwide to improve port
performances as part of a seaborne cargo supply chain.
Okeudo (2013) considered Ship traffic, Cargo throughput, Ship
turn round time, Berth Occupancy and personnel were used as
variables for the assessment of Nigerian Ports.
Samuel (2014) explored these factors (inadequate quay/gantry
crane equipment, reducing berth times and delays of container
ships, dwell time, container cargo and truck turnaround time,
custom clearance, limited storage capacity etc.) discussed the
extent to which they influence container terminal efficiency within
the port industry.
Rajasekar et al (2014) examined the operational efficiency of
major ports in India over the period of time 1993 to 2011 through
data envelopment analysis George Kobina van Dyck and Hawa
Mohamed Ismael (2015) evaluated the competitiveness of major
ports in the West African region based on criteria (cargo volume,
port location, port infrastructure, port cost, political stability etc.)
using the Analytic Hierarchy Process.
In this paper, effective, comparison and composition, which is
denoted as M (1, 2, 3) proposed by Hua Jiang and Junhu Ruan
(2009) for evaluation on Network Security is adopted to evaluate
the performance of container terminals. M (1, 2, 3) provides the
general method for membership transformation of multi–indexes
decision making in fuzzy environment. The methodology is
explained below.
II. Methodology
Step 1: Establish Evaluation Index System of performance
evaluation of container terminals.
An Organization has to identify the criteria or dimensions to
assess its performance. The performance evaluation depends
on the capabilities in each dimension /enabler and the relative
importance given to them.
Step 2: Determine the relative importance of performance
dimension
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Fuzzy logarithmic least square method (LLSM) developed by
Wang et al (2006) is employed with trapezoidal fuzzy numbers
of fuzzy pair wise comparison matrices to
obtain the vector of trapezoidal fuzzy weights
through the optimization model of fuzzy LLSM. The optimization
model is shown below.
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= Importance Weight Vector of sub-criteria
Step 7: Determine Membership Vector
Membership vector of the object ‘Q’ belonging to class ‘k’ is
determined from the following relation.

Step 8: Determine Evaluation Matrix of the alternative U(S)
Membership matrix of all the criteria of the object ‘Q’ is determined
and evaluation matrix is formed as shown below.

Trapezoidal Fuzzy weight of the ith criteria
Crisp weight of the ith criteria
Step 3: Determine the relative importance of enablers of each
performance dimension
Fuzzy pair wise comparison matrices of the enablers under each
dimension are formed to obtain the vector of trapezoidal fuzzy
weights
through the optimization model of fuzzy
LLSM as discussed in step 2.
Step 4: Determine Evaluation Membership
.
Percentage of satisfaction among the domain experts under each
class is considered as evaluation matrix of each performance
dimension of container terminal.
= membership of jth enabler of the dimension group ‘Q’
belonging to the kth membership class.
Step 5: Determine Distinguishable Weights
.
Distinguishable weight represents the normalized and quantized
value obtained from the following relation.

= Weight of the jth sub criteria of the evaluation criteria
object ‘Q’ obtained from uncertainty in the payoff information
of the sub criteria.
= Measure of uncertainty in the payoff information of the
jth sub criteria of the evaluation criteria object ‘Q’.
Step 6: Determine Comparable sum Vector
Comparable value of the sub criteria under the given criteria is
determined from the following relation
w w w. i j m b s. c o m

		
Step 9: Determine Final membership Vector
Once the evaluation matrix of the goal and the weights of the
each criterion are known the procedure is repeated from the step
3 to step7 to obtain the final membership vector of the object
(container terminal).
Step 10: Determine the grade of overall Performance (KO)
Overall performance of container terminal is determined by
applying confidence recognition rule (Confidence degree: λ >
0.7)

The proposed methodology is illustrated with a case study. The
case study is presented in the next section.
III. Case Study
Krishnapatnam Port in Nellore district of Andhra Pradesh, which
is one of the key handler of container terminals and also one of
the largest ports in materials handling is considered for the case
study of this present work.
The company has earned its name through its dynamic leadership,
regular plant modernization and innovation in the production
methods and follow lean assessment and implementation process.
The Krishnapatnam Port is synonymous with cost effective
material handling system.
The project has been designed and implemented by a team of
highly experienced personnel under the dynamic leadership.
This company adopted the most modern technology in handling
the containers in the port. This company is following quality
standards and these are evaluated with the statistical optimization
techniques.
A qualified and well experienced team is always ready to interact
with customers and reassure them with their material handling
and handle their queries in an effective way.
The proposed performance evaluation model is based on four
performance measures (Throughput, Productivity, Utilization and
Service quality). In this study, in order to determine the domain
that encompasses container performance measures an exhaustive
theoretical, empirical and practitioner literature were reviewed.
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A conceptual frame work is developed by incorporating ideas,
theories and studies from literature.
A qualified and well experienced team is always ready to interact
with customers and reassure them with their material handling
and handle their queries in an effective way.
The proposed performance evaluation model is based on four
performance measures (Throughput, Productivity, Utilization and
Service quality). In this study, in order to determine the domain
that encompasses container performance measures an exhaustive
theoretical, empirical and practitioner literature were reviewed.
A conceptual frame work is developed by incorporating ideas,
theories and studies from literature.
A. Evaluation Index System of Performance Evaluation
of Container Terminals:
Evaluation Index System of performance evaluation of container
terminals is shown in fig. 1.

discussion with the stake holders of container terminal operations
to assess the relative importance of dimensions in determining the
performance of container terminal. Degree of relative importance
of dimensions is presented with the linguistic variables: Very LowVL; Low-L; Medium Low- ML; Medium High- MH; High- H;
Very High- VH; Full-F: Fuzzy pair wise comparison matrix of
the criteria is shown in the Table 1.
Table 1: Trapezoidal Fuzzy Numbers of Linguistic Variables
Linguistic variables
Low Importance (L)
Medium Low Importance (M.L)
Medium High Importance (M.H)
High Importance (H)
Very High Importance (V.H)

Trapezoidal Fuzzy
Numbers
(1,2,3,5)
(1,3,5,7)
(3,5,7,9)
(5,7,9,11)
(7,9,10,12)

Table 2: Fuzzy Pair Wise Comparison Matrix of Performance
Dimensions

Fig. 1: Evaluation Index System of Performance Evaluation of
Container Terminals
The enablers under throughput measures (TM) are: Ship throughput
(ST), Quay transfer throughput (QT), Container yard throughput
(CT) and Receipt/delivery throughput (RT) which indicate the
effort involved in moving that cargo, in terms of tonnes handled
or containers movements per unit of time.
The enablers under productivity measures (PM) are: Ship
Productivity (SP), Crane Productivity, (CP), Quay Productivity
(QP), Terminal area Productivity (AP), Equipment Productivity
(EP), Labour Productivity (LP) and Cost Effectiveness (CE) are
particularly important to the terminal operator as they are directly
related to the cost of operating the terminal. The enablers and the
respective dimensions are discussed in fig. 1.
The enablers under utilization measures (UM) are: Quay
Utilization (QU), Storage Utilization (SU), Gate Utilization (GU)
and Equipment Utilization (EU) allow management to determine
how intensively the production resources are used.
The enablers under service measures are: Ship Turnaround Time
(TT), Road Vehicle Turnaround Time (RT) and Rail Service (RS)
indicate the satisfaction of the customers with the services offered
to them in terms of reliability, regularity and rapidity.
B. Relative Importance of Performance Dimension
Relative weights of performance dimensions are determined
through fuzzy LLSM using fuzzy pair wise comparison matrices.
Fuzzy pair wise comparison matrices are prepared basing on
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Performance
Dimensions

Performance Dimensions
TM

PM

UM

SM

Throughput
measures
(TM)

1

(1, 3, 5, 7)

(3,5,7,9)

(3,5,7,9)

Productivity
measures
(PM)

(1/7,1/5,1/3,1)

1

(1,3,5,7)

(1/9,1/7,1/5,1/3)

Utilization
measures
(UM)

(1/9,1/7,1/5,1/3)

(1/7,1/5,1/3,1)

1

(1,3,5,7)

Service
Measure
(SM)

(1/9,1/7,1/5,1/3)

(3,5,7,9)

(1/7,1/5,1/3,1)

1

Table 3: Relative Weights of Performance Dimensions
Performance
Dimensions
Relative
Weights

TM

PM

UM

SM

0.6019

0.1391

0.1270

0.1320

The pair wise comparison matrix among the performance
dimensions is illustrated in Table 2. And then the Lingo code
is developed for the fuzzy LLSM optimization model and
solved using Fuzzy pair wise comparison matrix of performance
dimension as input. Where the relative weights of performance
dimensions are shown in Table 3.
Relative weights of performance enablers are determined through
fuzzy LLSM using fuzzy pair wise comparison matrices of enablers
under respective dimensions.
Table 4: Relative Importance of Enablers of Each Performance
Dimension
ST

CT

QT

RT

ST

1

(3,5,7,9)

(1,2,3,5)

(5,7,9,11)

CT

(1/9,1/7,1/5,1/3)

1

(1/7,1/5,1/3,1)

(3,5,7,9)

QT

(1/5,1/3,1/2,1)

(1,3,5,7)

1

(1/9,1/7,1/5,1/3)

RT

(1/11,1/9.1/7,1/5)

(1/9,1/7,1,5,1/3)

(3,5,7,9)

1

Table 5: Relative Weights of Enablers of Throughput
Enablers of
Throughput
Relative Weight

ST

CT

QT

RT

0.5982

0.1342

0.1395

0.1281
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IJMBS Vol. 6, Issue 3, July - Sept 2016

ISSN : 2230-9519 (Online) | ISSN : 2231-2463 (Print)

Table 6: Fuzzy Pair Wise Comparison Matrix of Enablers of Productivity
SP

CP

QP

AP

EP

LP

CE

SP

1

(1/9,1/7,1/5,1/3)

(1/12,1/10,1/9,1/7)

(1,3,5,7)

(1/11,1/9,1/7,1/5)

(5,7,9,11)

(5,7,9,11)

CP

(3,5,7,9)

1

(1,2,3,5)

(3,5,7,9)

(1/9,1/7,1/5,1/3)

(3,5,7,9)

(3,5,7,9)

QP

(7,9,10,12)

(1/5,1/3,1/2,1)

1

(1,3,5,7)

(1,2,3,5)

(1,3,5,7)

(3,5,7,9)

AP

(1/7,1/5,1/3,1)

(1/9,1/7,1/5,1/3)

(1/7,1/5,1/3,1)

1

(1/11,1/9,1/7,1/5)

(1/9,1/7,1/5,1/3)

(3,5,7,9)

EP

(5,7,9,11)

(3,5,7,9)

(1/5,1/3,1/2,1)

(5,7,9,11)

1

(1,3,5,7)

(1,3,5,7)

LP

(1/11,1/9,1/7,1/5)

(1/9,1/7,1/5,1/3)

(1/7,1/5,1/3,1)

(3,5,7,9)

(1/7,1/5,1/3,1)

1

(3,5,7,9)

CE

(1/11,1/9,1/7,1/5)

(1/9,1/7,1/5,1/3)

(1/9,1/7,1/5,1/3)

(1/9,1/7,1/5,1/3)

(1/7,1/5,1/3,1)

(1/9,1/7,1/5,1/3)

1

Table 7: Relative Weights of Enablers of Productivity
Enablers of Productivity
Relative Weights

SP
0.0968

CP
0.2374

QP
0.2391

AP
0.0429

EP
0.2899

LP
0.0692

CE
0.0247

Table 8: Fuzzy pair wise comparison matrix of Enablers of utilization
QU
SU
GU
EU

QU
1
(1/7,1/5,1/3,1)
(1/5,1/3,1/2,1)
(1/9,1/7,1/5,1/3)

SU
(1,3,5,7)
1
(1/7,1/5,1/3,1)
(1/9,1/7,1/5,1/3)

GU
(1,2,3,5)
(1,3,5,7)
1
(1,3,5,7)

EU
(3,5,7,9)
(3,5,7,9)
(1/7,1/5,1/3,1)
1

Table 9: Relative Weights of Enablers of Utilization
Enablers of Utilization
Relative weights

ST
0.4950

CT
0.3036

QT
0.0933

RT
0.1081

Table 10: Fuzzy Pair Wise Comparison Matrix of Enablers of Service
AT
VM
RS

AT
1
(1/9,1/7,1/5,1/3)
(1/11,1/9,1/7,1/5)

VM
(3,5,7,9)
1
(3,5,7,9)

RS
(5,7,9,11)
(1/9,1/7,1/5,1/3)
1

VM
0.0704

RS
0.1939

Table 11: Relative Weights of Enablers of Utilization
Enablers of Service
Relative weights

AT
0.7357

Relative importance of enablers of each performance dimension
is shown in Table 4. Where the enablers are compared with their
Relative Weights. Relative Weights of enablers of throughput is
shown in Table 5. Pair wise comparison matrix of Enablers of
productivity using Fuzzy technique is shown in Table 6. Relative
Weights of enablers of productivity is evaluated and the results
are tabulated in Table 7. Fuzzy pair wise comparison matrix of
Enablers of utilization is exhibited in Table 8. Relative Weights
of enablers of utilization is shown in Table 9. Fuzzy pair wise
comparison matrix of Enablers of service is shown in Table 10
and their Relative Weights of enablers of utilization is shown in
Table 11.
From the results shown in the table 12, it is observed that,
highest relative weight (0.6019) is obtained with throughput
measures followed by productivity measure, utilization measure
and service measure with relative weights of 0.1391, 0. 132 and
0.127 respectively. Ship throughput (ST) shows the highest global
weight of 0.5982 in respect of throughput performance dimension.
In respect of Productivity dimension, Equipment productivity
shows significant enabler with a relative weight of 0.2899. Quay
w w w. i j m b s. c o m

utilization (QU) and ship turnaround time (AT) are significant
performance enablers with relative weights of 0.4950 and 0.7357
respectively.
Table 12: Relative Weights of Dimensions and Their Enablers
Performance
Dimension

Relative
weight

TP

0.6019

PM

0.1391

ST
CT
QT
RT
SP
CP
QP
AP
EP
LP

Relative
weight
0.5982
0.1342
0.1395
0.1281
0.0968
0.2374
0.2391
0.0429
0.2899
0.0692

CE

0.0247

Enablers
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UM

0.127

SM

0.132

QU
SU
GU
EU
AT
VM
RS

0.495
0.3036
0.0933
0.1081
0.7357
0.0704
0.1939

C. Evaluation Membership

From the results shown in the Table 12, it is observed that,
highest relative weight (0.6019) is obtained with throughput
measures followed by productivity measure, utilization measure
and service measure with relative weights of 0.1391, 0.132 and
0.127 respectively. Ship throughput (ST) shows the highest global
weight of 0.5982 in respect of throughput performance dimension.
In respect of Productivity dimension, Equipment productivity
shows significant enabler with a relative weight of 0.2899. Quay
utilization (QU) and ship turnaround time (AT) are significant
performance enablers with relative weights of 0.4950 and 0.7357
respectively.
From the results shown in the table 12, it is observed that,
highest relative weight (0.6019) is obtained with throughput
measures followed by productivity measure, utilization measure
and service measure with relative weights of 0.1391, 0.132 and
0.127 respectively. Ship throughput (ST) shows the highest global
weight of 0.5982 in respect of throughput performance dimension.
In respect of Productivity dimension, Equipment productivity
shows significant enabler with a relative weight of 0.2899. Quay
utilization (QU) and ship turnaround time (AT) are significant
performance enablers with relative weights of 0.4950 and 0.7357
respectively.
Table 13: Index Data on Performance Enablers

Data on eighteen performance enablers of container terminal under
study is obtained from 75 employees of Production, Logistics,
Engineering, Quality Control and Marketing Departments in
various shipping organizations. No of employees responded
regarding the satisfaction levels in five classes and the membership
values are shown in Table 14.
Distinguishable Weights (
), Comparable sum Vector (
),
evaluation matrix are determined as discussed in step 4, step 5
and step 6 respectively. Evaluation matrix of performance of a
container terminal is shown below.

Fig. 2: Container Terminal Performance

The index data on performance enablers and their dimensions are
tabulated in Table 13.
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From the evaluation matrix, it is understood that container terminal
performance of the organization belongs to the ‘satisfied’ level in
respect of throughput and service as cumulative confidence level
of 72.9% and 70.7% is obtained respectively. The comparison
of various performances of container port terminals is shown in
fig. 2.
In respect of productivity, cumulative confidence level of 80.3%
(>70%) is obtained at dissatisfied level. Utilization measure
show cumulative confidence level of 71.4% (>70%) indicates
that utilization of container is at general level.
w w w. i j m b s. c o m
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D. Final membership Vector μ(S):
Final membership vector of the container terminal performance
is determined as discussed in step 7 of the methodology section.
Final membership vector is shown below.
μ(S) = (0.3353 0.3651 0.0995 0.0992 0.1009)

[4]

[5]

[6]

Fig. 3: Cumulative Confidence Level
Final membership vector indicates the overall performance of
container terminal in terms of confidence levels at the given five
classes (very satisfied, satisfied, general, dissatisfied and very
dissatisfied).the confidence levels of performance of container
terminal are 33.53%, 36.51%, 9.95%, 9.925 and 10.09%
respectively under very satisfied, satisfied, general, dissatisfied
and very dissatisfied levels, as shown in the cumulative confidence
level in fig. 3.
E. Overall lean Performance of the Container Terminal
(KO):
Overall performance of the container terminal is determined by
applying confidence recognition rule (Confidence level: > 0.7).
Overall performance of the container terminal belongs to the
‘Satisfied’ level as the cumulative confidence level of 70.04% is
obtained at satisfied level.
Conclusion
In this article, M (1, 2, 3) method is adopted to evaluate the
overall performance of container terminal. Relative weights of
performance dimensions and their enablers are determined using
fuzzy logarithmic least square method to take care of uncertainty in
the specification of relative importance of performance dimensions
and their enablers. The study is useful for well-defined route for
performance improvement of container terminal. Fuzzy pair wise
comparison matrices are determined only according to the experts
basing on their subjective opinion. The future work is extended to
reduce the subjectivity by implementing group decision approach.
Also, future research can focus on improving the evaluation index
system of performance assessment of organizations by developing
accurate way to attain index data.
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