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Abﬂtr'\ct
sse — The purpose of this paper is to explare the applicability of the Decision Making Grid
DML ot 15 e, in prac g, i the miihtemmcs of it Stoc in the railvris incuoty. The
Winner of the Class 319 fleet operated by First Capital Cormect (FCC) is used to demonstrate the application of the

: DM

Outstanding Award Desi sy/approach — The level of use of the data recorded in the CMMS, in the
(2012) By the Emerald decision making process for reviewing, and updating the maintenance policy, was established through
. discussions with senior management at FCC. Available decision support systems were then
Literati Excellence researched, with emphasis on the DMG concept. The advantages of using the DMG and its application

in the real world using data for the Class 319 fleet were then explored and are discussed in this paper.
Findings — This paper discusses the valie in applying the DMG concept in the decision-maldng
process for prioritising systems and the work that should be done to ensure the maintenance policy
takes into account the performance of the units of rolling stock against the most important criteria for
FCC. Through the research carried out, it was established that the existing CMMS already records the
data required for the application of the DMG, although in itself, the CMMS does not have any decision
support capabilities.

Originality/value — Althougha number of different CMMSs are used in the railway industry, few or
nome of these are capable of providing decision support for maintemance. This paper explores the use
of the DMG concept to demonstrate the use of data recorded in the CMMS to develop a more effective
mainterance policy and to determine exactly which mainterance activities need to be carried out in
order to remedy the worst performing systems in terms of the most important criteria as identified by
the busines:

Network, MCB Press

Keywords Decision malking, Analytic hierarchy process, Decision support systems, Railw
Maintenance, United Kingdom

Paper type Case study

1. Introduction

Computer maintenance management systems (CMMS) are widely used in the
maintenance of rolling stock in the r: ay industry. All of these sys
effective databases for storing the technical history of all the rolling stock operated by
each train operating company [T()(.) ‘sm'ne of Lhe more (_onl.emp()rar) CMMSs hd\ e the

Emerald

Joenad of Quslity in Madntcsice

Y
determine what changes need to be made to the maintenance p()lu:_', However, m()ml if
. 13814 not all the CMMSs used for the purpose of m‘_\mmlmng rolling stock do not have the
ili

ing.
et \.12 2011

*Fﬁ‘ﬂ-"df-\w""‘ﬂﬂ'"'&h'"b«\ of providing maintenance engineers or asset managers with decision
nm mnm 13552511111 134574 support — Le. although the CMMSs are capable of analysing the data that are recorded,
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Most CMMSs
do not have
this capability

mprovemen

Decision
Support

Figure 1: The Effective Asset Management Cycle
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Practical Application of the Decision Making
Grid (DMG), Journal of Quality in
Maintenance Engineering (JQME); MCB
Press; ISSN: 1355-2511, volume 17,

issue 2, pp 138-149, 2011.

Criteria analysis for DMG

Criteria 1 No. of Criteria 2 Delay
(Frequency) Failures (Downtime) minutes

High A | Power 18 B | Doors 268

High B | Doors 13 A | Power 225

Medium | C | Safety Systems 5 E | Brakes 122

Medium | D | Air Systems 5 C | Safety Systems 68

Medium | E | Brakes 4 Medium | F | Current Collection 51

Equipment

Medium | F | Current Collection 4 Medium | D | Air Systems 34
Equipment

Low G | Interior Seats, Floor 3 Medium | | | Train Communication 32
and Trims

Low H | Jumpers and 2 Low G | Interior Seats, Floor 28
Coupling and Trim

Low || Train 1 Low H | Jumpers and 25
Communication Coupling

Low J | Underframe 1 Low J | Underframe 8
Sum of Top 10 56 Sum of Top 10 861
Sum of All 59 Sum of All 899
Percentage 94% Percentage 95%
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STRATEGIC GRID
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FTM - Fixed Time Maintenance
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g g FTM FTM Aslam-Zainudeen, and Labib, Ashraf, Practical Application of the
= '.a FTM Decision Making Grid (DMG), Journal of Quality in Maintenance
E Py Engineering (JQME); MCB Press; ISSN: 1355-2511, volume 17, issue
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Figure 4: The Decision Making Grid
Aslam-Zainudeen, and Labib, Ashraf, Practical Application of the
Decision Making Grid (DMG), Journal of Quality in Maintenance
Engineering (JQME); MCB Press; ISSN: 1355-2511, volume 17, issue
2, pp 138-149, 2011.
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Figure 6: The Analytic Hierarchy Process for the FCC Class 319s




26/11/2018

e N [
(OTF - Opearate tp Failure

[CEM - Condition Based Mainenance
FTM - Fixed Tirme Maintenance

Q SLU - Skill Level Upgrade
cBmM DOM - Design Out Maintenance

@ o carern om eat

Flexible

Rules and

Strategies

Figure 3: Holonic Mainrtenance Sysrem for First Capital Conneciti(basedon Labib, 2004)

| bk |

Low
2 OTF
g
§ FTea o
=

sLu bom

y
Fixed

[FuTiipte Critera |
Dolay Minutes Frequency |Sp-r- | Level 1- Criteria
—_— | e Ewvaluation
Systems

" [Sofcerare Cewel 3 - Critical
Faults

|E|e|m-i=a|

Traction Motor
Fault

Level 4 - Faultl
Details

]MA Set Fault

Aslam-Zainudeen, and Labib, Ashraf, Practical Application of the Decision Making Grid (DMG), Journal of Quality in Maintenance Engineering (JQME); MCB Press; ISSN: 1355-2511, volume 17,

issue 2, pp 138-149, 2011.

Introduction




26/11/2018

Fundamental questions that need to be asked with regard to existing
Computerised Maintenance Management Systems (CMMSs):

* What do users really want from a CMMS?

* Does it support what is happening in the shop-floor? Or, Is it a rather expensive
calendar to remind one of when to perform a maintenance schedule?

* Is it really worth spending so much effort, time, and money in buying a system for
just being an electronic calendar or a monitoring device?

* Do existing CMMSs really contribute to the bottom line benefits of the company
and support in the reduction of breakdowns or are they just a beast to be served
by an army of IT specialists?

BUT...

There exists some sort of black hole
We have proofs...

Evidence of Black Holes
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Gaps Model of ERP/CMMSs
4e

Davidson, G., and A.W. Labib, "Learmngfrom failures: design improvements using

a multiple criteria decision making process",

Journal of Aerospace Engineering, Proceedings of the Institution of Mechanical
? Engineers Part G, Vol 07-216, 2003.

— Shut Down esiy

iarto & Labib 2005

Fernandez & Labib, 2004

Fernandez,o AW. Lablb R. Walmsley, D.J. Petty, "A Decision Support
System: Devel
and Implementation", International Journal of Quality and Reliability
Management, lJQRM, Vol 20, No 8, pp 965-979, 2003.

Yuniarto, N., and A.W. Labib, Optimal Control of an
Unreliable Machine Using Fuzzy Logic Control:
From Design to Implementation,

International Journal of Production Research, (1JPR), ,
Vol. 43, No. 21, pp 4509-4537, 2005.

Alardhi & Labib, 2008

Alardhi, M. and A.W. Labib, Preventive Maintenance Scheduling of Multi-
Cogeneration Plants Using Integer Programming, Journal of — Machines
Operational Research Society (JORS), Vol. 59 No. 4, pp 503-510, 2008.

FMEA: Failure Mode and Effect Analysis.
FTA: Fault Tree Analysis.

RCM: Reliability Centred Maintenance.
TPM: Total Productive Maintenance.
CBM: Condition Based Monitoring.

OEE: Overall Equipment Effectiveness.




RCM: Reliability Centred Maintenance. FMEA: Failure Mode and Effect A

TPM: Total Productive Maintenance. FTA: Fault Tree Analysis.

CBM: Condition Based Monitoring. OEE: Overall Equipment Effectiveness.
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Autonomous Maintenance — in a nutshell

AP
N

Detect b

THE MOTTO IS.... Correct
Clean to Inspect
Inspect to Detect
Detect to Correct
Correct to Perfect !!

C o
|7——-Inspect ((@ @




26/11/2018

Tools
| TEAM MEETING |
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SCHEDULE OF ACTRITY
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Before After

Ensure proper water flow to the bearings
of a boiler water supply pump
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Making Inspection Easier

Before

FMEA: Failure Mode and Effect Analysis.
FTA: Fault Tree Analysis.

CBM: Condition Based Monitoring. OEE: Overall Equipment Effectiveness.

11
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Control the test conditions

» Vibration
changes when
the speed and
load change.

> The machine
must operate in
the same state
during every
test.

» Check the speed
and load.

Introducing “forcing frequencies

7r

» Special calculations are used to indicate
where to look in the spectrum - called
“forcing frequencies”.

> Most vibration analysis programs will
perform these calculations.

12



26/11/2018

Equipment

*<212.1°F
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Reliability Centred Maintenance (RCM):
- Fault Tree Analysis (FTA)
- Reliability Block Diagrams (RBD)

Q AHD Symbol
) ok symbol

ine
2 3 4 A Transfer Symbol

Titanic The Unsinkable Ship That Sank

14
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Fault Tree Analysis (FTA) for the Titanic Disaster

Titanic's
Disaster

Inefficient
passenger
evacuation

Not
enough
time

Lack of
emegency
procedure,

Insufficient
life boats

Iceberg
Collision

Innapropiate
manufacturing
process

Collapsed

structure

Lack of
quality
control

AND = Parallel
OR = Series

Lack of
material
testing

Reliability Block Diagram (RBD) for the Titanic Disaster

Insufficient life
boats

Inappropriate
manufacturing process

Bad outlook

No binoculars

ilnappropriate
imaterial

—— Lack of emergency
procedure

AND = Parallel
OR = Series

Return to
RCM

15
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Theoretical Background:
Maintenance & Reliability Policies — Proposed Approach (Model)

* The proposed approach is innovative in that it offers a decision map
adaptive to the collected data where it suggest the appropriate use
of RCM, TPM, and CBM as well as additional ones.

RCM: Reliability Centred Maintenance. FMEA: Failure Mode and Effect Analysis.
TPM: Total Productive Maintenance. FTA: Fault Tree Analysis.
CBM: Condition Based Monitoring. OEE: Overall Equipment Effectiveness.

16
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Proposed Model:

The model identifies 5 levels of maintenance strategies which have an impact on performance.

1. OTF: Operate To Failure (or keep the best practice).
2. SLU: Skill Level Upgrade (In general: TPM).
3. CBM: Condition Based Maintenance (In general: RCM).
4. FTM: Fixed Time Maintenance.
A. Easy FTMs (Who, and When).
B. Difficult FTMs (What, and How).
5. DOM: Design Out Maintenance.

Proposed Model:
The Decision Making Grid (DMG)

* |t acts as a map where the performances of the worst machines are
placed based on multiple criteria.

* The objective is to implement appropriate maintenance actions that
will lead to the movement of machines towards an improved state
with respect to multiple criteria.

* The outputs of the model are:
* a) classification of maintenance related policies, and
* b) prioritisation of the proposed actions.

17
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An Industrial Case Study

Data Decisions

A Black Box —)

Breakdown Trends (hrs.)

1200

This case study demonstrates
the application of the proposed
model and its effect on asset 1000

management performance. The
application of the model is 800
shown through the experience
of a company seeking to < / \\
achieve World-Class status in 600 \
asset management. The 4
company has implemented the \
proposed model which has had 400
the effect of reducing total
downtime from an average of
800 hours per month to less 200 >——=
than 100 hours per month as \/o—o\
shown in Figure.
o T T T T T T T T T T T g
Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Company Background and Methodology

In this particular company there are 130 machines, varying from robots, and machine centres, to manually operated
assembly tables. Notice that in this case study, only two criteria are used (frequency, and downtime). However, if more
criteria are included such as spare parts cost and scrap rate, the model becomes multi dimensional, with low, medium, and
high ranges for each identified criterion. The methodology implemented in this case was to follow three steps. These steps
are i. Criteria Analysis, ii. Decision Mapping, and iii. Decision Support.

18
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Criteria: |Downtime Frequency
Name Downtime Name Frequency
(hrs) (No. off)
Machine [A] 30 Machine [G] 27
Machine [B] 20 Machine [C] 16
Machine [C] 20 Machine [D] 12
Machine [D] 17 Machine [A] 9
Machine [E] 16 Machine [I] 8
Machine [F] 12 Machine [E] 8
Machine [G] 7 Machine [K] 8
Machine [H] 6 Machine [F] 4
Machine [I] 6 Machine [B] 3
Machine [j] 4 Machine [H] 2
Sum of Top 10 138 Sum of Top 10 97
Sum of All 155 Sum of All 120
Percentage 89% Percentage 81 %

Criteria Evaluation

A reflective question:

If you were my maintenance manager, what policy action(s) would you instruct me to improve
the situation in this report?

* The DO’s:
* Actions should be policy related.
* Actions should be pragmatic/practical.

* The DO NOT'’s:
* No reports from reports (paralysis by analysis).

* No theoretical slogans (‘go and fix machine A’, because this what | normally
do).

19
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Proposed Model:

The model identifies 5 levels of maintenance strategies which have an impact on performance.

1. OTF: Operate To Failure.
2. SLU: Skill Level Upgrade. In general: TPM.
3. CBM: Condition Based Maintenance. In general: RCM.
4. FTM: Fixed Time Maintenance.
A. Easy FTMs (Who, and When).
B. Difficult FTMs (What, and How).
5. DOM: Design Out Maintenance.

Proposed Model:

The model identifies 5 levefs of maintenance strategies which have an impact on performance.

Knowledge & Innovation
DOM
=
c
28 CBM | Technology
= O ¥
U << O
Cc T C
v C S
o O W
1 Human
8 st o |
FTM Who?, When?, How?, and What?
OTF

Time

20
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Criteria: |Downtime Frequency
Name Downtime Name Frequency
(hrs) (No. off)
Machine [A] 30 Machine [G] 27 T
HIGH [Machine [B] 20 Machine [C] 16 HIGH
Machine [C] 20 Machine [D] 12
IN Machine [D] 17 Machine [A] 9 T
MEDIUM |Machine [E] 16 Machine [I] 8
Machine [F] 12 Machine [E] 8 MEDIU
| Machine [G] 7 Machine [k] 8 l\/l
LOW [Machine [H] 6 Machine [F] 4 T
l Machine [I] 6 Machine [B] 3 LOWl
Machine [j] 4 Machine [H] 2
Sum of Top 10 138 Sum of Top 10 97
Sum of All 155 Sum of All 120
Percentage 89% Percentage 81 %
Criteria Evaluation
Downtime
Low Medium High
Low - FT.M. C.B.M.
>
O
C
Q .
> Medium
> FT.M. FT.M. FT.M.
Q
| -
L
High | s.L.u. FT.M. D.O.M.
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Downtime

Low Medium High
low | |OFF <
> i
(@)
c
g Medium @
) : ET.M.
S 7
L \\
High | s.L.u. ET.M D.O.M.
Downtime
Low Medium High
low |[OFE |[FTM. [cB.Mm.
>
c \
O . A
S Medium | Exm. FT, /
v
L
. N N
High [ s.L.u. D.O.M.
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Downtime

Low Medium High
Low FT.M. C.B.M.
>
O
c
% Medium
o F.T.M.
o
L /
High
ARRANTS
Downtime
Low Medium High
LOW RD@DMD
> /
O
(-
% Medium
— FT.M. F.T.
&
L
High S.L.U. FT.M. D.O.

23
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This was Part 1 of the model....... there are 3
parts!

Part 1 is: The DMG strategy selection.

As a...

* Continuous Improvement Process.
e Multiple Criteria Analysis.

* Strategic / Operational Concept.

* Generic Methodology.

24
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W W
~
il \ |
[B]
T )\ DMG as a continuous
-~ | TN improvement process
II\
-
_ij\ [A] )
O —"

Demonstration of the AHP

Analytic Hierarchy Process

25
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A typical AHP decision hierarchy

| Primary objective

Alternative C

Level 1: Criteria
Evaluation

7

Level 2: Critical
Machines

Level 3: Critical
Faults

Level 4: Fault
Details

26
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Downtime -

IDMG: Strategic Grid
(overall map)

SLU: SkillLevel Upgrade.

OTF : Operate To Failure.

CB M: Condition B ased Monitoring.
FTM: Fixed Time Maintenance.
DOM: Design Out Maintenance.

- : Machine / System

Frequency
High  Nbdun  Low

&
Flexible Strateglg"

© AW. Labib

This was Part 2 of the model.......there is still one more part!

Part 1 is: The DMG strategy selection (effectiveness).
Part 2 is The DMG for focussed actions (efficiency).

27
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Downtime
Low Medium High
@ 7 @

low |[OFE |FTM. |cB.Mm.

Medium FT.M. FT.M. ET.M.

-

High S.L.U. FT.M. D.O.M.

Frequency

Proposed Model:

The model identifies 5 levefs of maintenance strategies which have an impact on performance.

Knowledge & Innovation
DOM
=
c
28 CBM | Technology
= O ¥
U << O
Cc T C
v C S
o O W
1 Human
8 st o |
FTM Who?, When?, How?, and What?
OTF

Time
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Downtime
Low Medium High

low |[OFE |[FTM. [cB.M.
>
(@)
5 S
S Medium | gxm. ET.M. FT.M.
Q
L \

High S.L.U. FT.M. D.O.M.

Tihe Fuzzy, Decisiom Suiiface

29
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This was Part 3 of the model....... that is it!

Part 1 is: The DMG strategy selection (effectiveness).
Part 2 is The DMG for focussed actions (efficiency).
Part 3 is the DMG for cost/benefit analysis.

Basic Data Requirements

Asset Register (Machine identifier).
Counter of Faults (Frequency).
Timer of Faults (Down-time).

Level of Faults (Hierarchical).

30
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Data Domain

Asset Register (Machine identifier).
Counter of Faults (Frequency).
Timer of Faults (Down-time).

Level of Faults (Hierarchical).

Classify Prioritise

AHP FLC
Analytic Fuzzy
Hierarchy Logic
Process Control

Decision Domain

Prioritise PM'’s.
Create PM’s.

1
2.
3. Eliminate PM’s.

PM: Preventive Maintenance.

The DMG

Part 1:The DMG strategy selection (effectiveness).
(Classification of maintenance strategies).

Part 2 :The DMG for focussed actions (efficiency)..
(Using multiple criteria decision making).

Part 3 :The DMG for cost/benefit analysis.
(Using rule based fuzzy logic system).

| Downtime

Medium __High
§ Low FT.M. CB.M.
Q
=
@ | Medium| "Frm. FTM. FTM.
w

High | s.L.u. FT.M. D.O.M.
Downtime
e DMG: Swatgic Grid|
:
E' N
e
E

31
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)\ DMG as a continuous

-~ | TN improvement process

“ [A]| )
Breakdown Trends (hrs.)

Characteristics of a model for the way forward

* Why?
* People are either obsessed with a certain maintenance strategy, or not
familiar with some of them.
* Lots of data but no decisions.

So what we have done is:
* Simple
* Intuitive
* Comprehensive, and
* of Utility

32
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Cases from Industry & European Projects

* Industry: - EU Projects:
* Case 1: Qatar Petroleum (QP) - Qatar  Train_In_Main.
* Case 2: Oman Air B737NG fleet - Oman - iLearn2Main.
. ﬁg?aen%.ESB Moneypoint Generating Station — . Reported publications:
* Case 4: Ahmadi Distillery Co. — Kuwait. + Burhanuddin, etal, 2007.
 Case 5:PDO - Oman - Zulkifli etal, 2008.
* Case 6: TRANSCO — Abu Dhabi, Emirates. - Taher, etal, 2009.
¢ Case 7: GE Aviation China — USA/China - Shahin, 2011, 2018
¢ Case 8: FCC—UK

- Ramachandran etal, 2012.

foe it LiSALITTE
{2
T4 Petroleum Development Oman
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Practical application of the
Decision Making Grid (DMG)

Nafisah Aslam-Zainudeen
First Capital Connect, London, UK, and
Ashraf Labib
Portsmouth Business School (PBS), University of Portsmowth, Portsmouth, UK

Abstract

sse — The purpose of this paper is to explore the applicability of the Decision Making Grid
{DMG) and its usefulness, in practice, in the maintenance of rolling stock in the railway industry. The
9 fleet operated by First Capital Commect (FCC) is used to demonstrate the application of the

Desi; sy/approach — The level of use of the data recorded in the CMMS, in the
decision making process for reviewing, and policy, was through
discussions with senior management at FCC. Awailable decision support systems were then
researched, with emphasis on the DMG concept. The advaniages of using the DMG and its application
in the real world using data for the Class 319 fleet were then explored and are discussed in this paper.
Findings — This paper discusses the value in applying the DMG concept in the decision-malking
process for prioritising systems and the work that should be done to ensure the maintenance policy
takes into account the performance of the units of rolling stock against the most important criteria for
FCC. Through the research carried out, it was established that the existing CMMS already records the
data required for the application of the DMG, although in itself, the CMMS does not have any decision
support capabilities.

Originality/value — Althougha number of different CMMSs are used in the railway industry, few or
none of these are capable of providing decision support for maintenance. This paper explores the use
of the DMG concept to demonsirate the use of data recorded in the CMMS to develop a more effective
mamtemnce policy and to determine exactly which mantenance activities need to be curried out in
order to remedy the worst performing systems in terms of the most important criteria as identified by
the business.

Keywords Decision making, Analytic hierarchy process, Decision support systems, Railways,
Maintenance, United Kingdom

Paper type Case study

Computer maintenance management systems (CMMS) are widely used in the
maintenance of rolling stock in the railway industry. All of these systems act as
effective databases for storing the technical history of all the rolling stock operated by
each train operating company (TOC). Some of the more contemporary CMMSs have the
capability of producing trends in the data that are recorded, which engineers use to
determine what changes need to be made to the maintenance policy. However, most if
not all the CMMSs used for the purpose of maintaining rolling stock do not have the
capability of providing maintenance engineers or asset managers with decision
support — ie. although the CMMSs are capable of analysing the data that are recorded,

Most CMMSs
do not have

this capability | >

mprovemen Data

Acquisition

Decision
Support

Data
Analysis

Figure 1: The Effective Asset Management Cycle

Aslam-Zainudeen, and Labib, Ashraf, Practical Application of the Decision Making Grid (DMG), Journal of Quality in Maintenance Engineering (JQME); MCB Press; ISSN: 1355-2511, volume 17,

issue 2, pp 138-149, 2011.
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Criteria 1 No. of Criteria 2 Delay
(Frequency) Failures (Downtime) minutes
High A | Power 18 B | Doors 268
High B | Doors 13 A | Power 225
Medium | C | Safety Systems 5 E | Brakes 122
Medium | D | Air Systems 5 C | Safety Systems 68
Medium | E | Brakes 4 Medium | F | Current Collection 51
Equipment
Medium | F | Current Collection 4 Medium | D | Air Systems 34
Aslam-Zainudeen, and Labib, Ashraf, Equipment
Practical Application of the Decision Making
Grid (DMG), Journal of Quality in - " " " -
Maintenance Engineering (JQME); MCB Low G | Interior Seats, Floor 3 Medium | | | Train Communication 32
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Figure 4: The Decision Making Grid
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Conclusion:

It is concluded that the application of the DMG would assist FCC engineers in making
decisions about what types of maintenance should be done and would also allow
maintenance to be adapted to suit the changing real world performance of the fleets.

The advantages of ensuring maintenance work is prioritised in this manner would
have the following advantages to FCC as a business:

1.

uewN

N o

Lower downtime of the units.

Raduced maintenance costs because 6FFscus on the most effective work that can be done.

®educed impact on passenger services and thereforé™n improved corporate image in the eyes of the customer.

Increased nrofits througfthe increased availability of units for revenue earning service.

Increased reliability of the'thits because the worst performing systems are prioritised and the work carried out is adapted to deal with
the root causes of the failures of these worst performing systems.

Reduced operating costs due to th2 reduction of failures in service.

Enables continuous improvement within FCTigecause after the first set of worst performing systems are improved, work on the next
set of worst performing systems can be started.

Due to the similarities in the CMMSs used in other TOCs in the railway industry,
it is also conciuded tiiat the appiicaticn-cfthe DMCGweould bewerth considering inthese TCCsirorder w endpie the realisation of the
previously described benefits.

Aslam-Zainudeen, and Labib, Ashraf, Practical Application of the Decision Making Grid (DMG), Journal of Quality in Maintenance Engineering (JQME); MCB Press; ISSN: 1355-2511, volume 17,
issue 2, pp 138-149, 2011.

Conclusion - The Revenue of a Company can be
Improved by:

. Higl . I

reduction of raw material cost.

* Reduction of production —and
maintenance costs.
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Thank You.....Any Questions?

Professor Ashraf W. Labib
University of Portsmouth,
Portsmouth Business School,
Richmond Building, Portland Street,
Portsmouth PO1 3DE, United Kingdom

38


mailto:Ashraf.Labib@port.ac.uk

