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Abstract: All ships and offshore platforms, however large or small, undergo scheduled or unscheduled repair and
maintenance. The bidding process for a ship repair job is highly competitive and global in scope. The ship repair industry is
also prone to significant risks due to high levels of capital investment in skilled labor, specialized equipment, and facilities
such as dry docks. Tradition decision support tools have been utilized by this industry for mid to long-term planning. These
tools organize the system as a collection of cost centers and attempt to minimize cost at each center. This paper proposes a
decision support system for short term planning. It is oriented towards day to day decision making, with an objective of
maximizing system throughput and minimizing total project cost. Such an approach avoids unnecessary internal completion
between cost centers, resulting in fewer delays and resource overloading. The proposed decision support system utilizes a
common corporate database to share information between stake holders.

Keywords: Production planning and scheduling, supply chain management, ship repair and maintenance, decision support
system.

1. Introduction

Ship repair and maintenance is a complex and costly activity largely due to large distances between ship location
and ship repair facilities, high capital investment in specialized equipment, such as cranes and dry docks, and relatively short
lead times. Planning for such tasks is further complicated due to scarcity of skilled personnel. The ship repair and
maintenance industry is an important source of revenue for several countries, particularly the developing countries. It is also
one of the largest consumers of energy. In 2013, a study presented at the Ship and Offshore Repair Journal (Thorpe and
Bartlett, 2013) claimed that per capital energy consumption continues to climb and the pace of increase is largely due to
activities in the developing countries. In May 2013, MARAD released a report describing economic importance of the US
shipbuilding and ship repair industries (MARAD, 2013). The report indicated that this industry creates high quality jobs and
impacts all States in the US. It also impacts other industries such as mining, energy, manufacturing, and transportation. In
order to meet increasing level of demands for ship and offshore platforms repair services, several shipyards around the world
have invested in ship repair facilities. Yulian Dockyards is one of the largest repair shipyards in China (Benkley, 2007).

Several project management and decision support tools have been developed to obtain higher levels of efficiencies
for ship and offshore platform repairs. Thus far, these tool have had very limited success. Dlugokecki et al. (2010) proposed
a project management approach to shipbuilding and ship maintenance through the delivery of a web-based system using
planning and production engineering techniques. Mourtzis et al (2005) integrated different stakeholders in the repair
planning process. Heuristic dispatching rules have also been utilized. The resource modeling considers a group of workers
as one resource and each one has specific skills, such as, painting, welding, etc., they did not allow resource sharing when
skills are interchangeable. Chryssolouris et al (2004) utilized Internet-based supply chain management techniques. Different
authors have proposed different techniques. Thus far, no standard procedures have been established.
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2. System Description

Repair shipyards commonly comprise floating docks and dry docks. Docks are the most valuable and expensive
resource of a repair shipyard. Proper utilization of docks can be the difference between profit and loss. The less time a ship
spends in the dock, greater the flow of services, and consequently, greater the profit (Pinha, 2011). Cranes are the second
most valuable resource at a ship yard. They are utilized by almost all work teams, along with other material handling
resources such as forklifts and trucks. Additional resources include, plasma cutting, pipe bending, welding machines, and
skilled worker, such as welders, painters, electricians, etc. Table 1 shows some of the resources organized by work teams,
machines, tools, and material handling devices (Pinha et al., 2011).

Table 1. Types of Resources

Work Teams Machines Tools Material Handling
Mechanical Plasma Cutting Hydro-jet pumps Forklift
Structure Pipe bending Paint pumps Trucks
Paint Welding Machines Hydraulic pumps Cranes
Sand-blasting Tube resources Sand-blasting pumps | Pulley

Resources are grouped according to the task at hand. Once the ship is docked, resources are brought (fixed position
layout) to the ship to carry out the various task. Vast majority of repair and maintenance services are carried out manually.
Typical services include: a) docking, b) hand scraping, c) high pressure fresh water jet cleaning, d) painting, e) tank cleaning,
f) steel work, g) repair of ship’s structure, h) repair of ship’s propulsion system, i) piping repair, j) valve repair, k) repair of
electrical system, 1) undocking, and m) testing at sea. These services are further broken down into several hundred individual
tasks. The project manager is responsible for production planning, scheduling, and efficient allocation of resources to tasks.
The production planning and scheduling of tasks is difficult due to finite resources and uneven flow of repair orders (Pinha
and Ahluwalia, 2013), (Dlugokecki et al., 2010), (Mourtzis, 2005), (Wullink et al., 2004), (Van Dijk, 2002), (Chryssolouris,
1999), (Chryssolouris et al., 2004), (De Boer, 1998), (De Boer et al, 1997).

3. Current Approach

A ship repair facility is typically organized by docks. Each dock has a dock manager. The dock managers are
rewarded for efficient operation of their dock. They schedule tasks on their docks using a simple spreadsheet or Microsoft
Project software. The dock managers compete for finite resources with other dock managers. It results in optimizing
operations at an individual dock, while sub-optimizing the overall projects. Such an approach leads to schedule slippage and
cost overruns (Pinha and Ahluwalia, 2013), (Van Dijk, 2002). In addition, there is lack of communication among
stakeholders, such as dock managers, customers, and suppliers. Efficient operation of such a system is dependent on dock
mangers resourcefulness and skill level of the workforce. In addition, the dock managers do not share lessons learnt due to
internal competition.

According to (Van Dijk, 2002), the traditional time-driven approaches such as the Critical Path Method (CPM), have
several shortfalls for the ship repair industry. He proposed a multi-project approach with simultaneous consideration of time
and capacity. It is an extension of the approach proposed by (De Boer, 1998), (De Boer et al., 1997). Waullink’s work
(Wullink, 2005), (Wullink et al., 2004) deals with resource loading under uncertainties. He utilized a scenario based
approach and the concept of robustness to deal with demand and capacity uncertainties. He did not consider precedence
relationships, release dates, and rush orders. Dlugokecki (Dlugokecki et al., 2010) proposed a decision support approach
inspired in Ballard (Ballard, 2000). His work showed improvement in cost savings and higher level of productivity for
building new ships. They did not describe application of their work to ship repair. Ballard and Choo (Ballard, 2000), (Choo,
2003) presented a resource model to manage construction projects. Their model lacks complexities of the ship repair
industry.

The scheduling policies and the concept of robustness were addressed by (1- Feng et al., 2012), and (2- Feng et al,
2012). Briefly, their approach covered buffer capacity, arrival rate based on a Poisson process, operation time and setup time
based on the Exponential distribution. Their approach provided good scheduling performance for the developed criterion.
They utilized seven heuristic dispatching rules to determine the overall best performance. However, basic production issues,
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such as, operation precedence and multiple resources required to complete a task were not covered. They demonstrated their
approach on a single machine producing several products.

This paper focuses on the work done by (Mourtzis, 2005), (Chyrssolouris et al., 2004), and (Chyrssolouris, 1999).
These authors integrated different stakeholders in their planning process. They took a systems approach to planning and
utilized state of the art information technology tools such as heuristics and event-driven simulation to allocate resources.
They identified major differences between production planning and scheduling for the shipbuilding industry vs. the ship
repair industry. Some of the differences are types of facilities, types of equipment, worker skill levels, work flow patterns,
shifting priorities, cost and delivery schedule (Chabane, 2004). Authors (Charris and Arboleda, 2013), (Mello and
Strandhage, 2011) worked on supply chain management for shipyards. Zhou (Zhou et al., 2013) proposed solutions for
repairing war ships; however, their work lacked several real issues of the ship repair industry. Papakosta (Papakostas et al.,
2010), (Framinan and Ruiz, 2012, 2010), (Moghaddam and Usher, 2011), and (Yamashita et al, 2014) proposed other
approaches. Papakosta’s work was based on (Chryssolouris and Dicke, 1992), (Chryssolouris et al., 1992, 1991),
(Chryssolouri, 2005) to deal with maintenance of airplanes

4. Proposed Approach

Current production planning and scheduling activity at shipyards are static in nature and are based on Microsoft
Excel or Microsoft Project software, often resulting in cost over runs, schedule slippage, and low throughput. This paper
proposes a dynamic approach to production planning and scheduling. It will enable project managers to adapt to
uncertainties in repair orders, resources, and priorities. The approach is based on event driven simulation for a finite capacity
system, and the use of heuristics to address the needs of a particular facility.

Previous work by Ahluwalia and Pinha (Ahluwalia, 2006, 2005, 2003) developed guidelines, software, and database
for ship dismantling. Pinha and Ahluwalia (Pinha, 2013) also presented a schema for an enterprise database for the ship
repair industry. Pinha (Pinha et al., 2011) proposed a theoretical foundation for utilizing Supervisory Control Theory (SCT)
for planning and scheduling ship repair activities. The methods presented in this paper interface with the enterprise database
to generate reports for the management. It will enable management to conduct “what-if” type analysis. Managers will be
able to determine impact of a decision on cost, priorities, and schedule, prior to the decision being executed. Preliminary
schema for a database was presented in (Pinha and Ahluwalia, 2013). Thus far, forty database tables and their fields have
been identified. The database was designed to store data on capacity, engineering, order status, task status, operational
decisions, and management reports.

4.1 System Architecture

Major components of the system are shown in Figure 1. The key issue is, given the status of the resources, what
affect does a particular decision have on the system? It is proposed that impact of a decision be determined by simulating the
activities and producing reports on: 1) resources utilization (loading/capacity), 2) schedule, 3) procurement, 4) throughput,
tardiness and earliness analysis, 5) financial impact, 6) order lead times, 7) energy consumption, and 8) resource plan
robustness. Such information can change priorities, capacity levels (hiring temporary workers, authorizing overtimes,
preventive/predictive maintenance), subcontracting of critical tasks, etc. The system should be able to address project
manager’s concerns, such as, a) workforce skill and flexibility, b) classification of resource by worker skill levels, ¢) task
precedence order, d) alternate approaches to performing a task, €) impact on safety, f) impact on the environmental, g) impact
on energy consumption, etc. Table 2 summarizes possible inputs and responses by the system.

4.2 Event-Driven Simulation

Event driven simulation is a general approach in which the internal operations of the system are modified by
external events. The modifications can be instantaneous or after a certain time interval. The proposed methods assume an
event to be a deterministic variable. The methods also assume finite capacity of resources, such as workforce, machines,
tools, material handling resources (e.g. trucks, cranes, forklifts), and materials (e.g. high strength steel, bronze bushing).
Finite Capacity Scheduling (FCS) can be described as allocation of resources to perform tasks during a given time interval,
subject to available resources. Details of FCS are provided by (Pinedo, 2012), (Costa et. al., 1998-1992). Since the capacity
of resources is limited, dock managers compete for resources. Therefore, usually there is a queue of tasks to be performed by
a particular resource. The proposed methods handle queues dynamically by applying dispatching rules and operational
decisions.
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Figure 1. System Architecture

Table 2. Inputs- Shipyard

Inputs Description Simulator
1. Orders Includes due date, client details, delay penalties, ship  |What tasks need to be
description, estimated dock date, and undock date. performed to fulfill the order?
3]
g‘ 2. Capacity Includes status of machines, tools, workers, material  |Does the shipyard have the
S handling resources, and worker skills. capacity to perform the tasks?
|-
% 3. Engineering Includes services provided, operation times, bill of How will the tasks be
= materials, operation precedence, and constraints. performed?
wn
4. Status Percent of tasks completed, man hours of tasks What is the status of tasks?
completed, man hours of tasks scheduled.
5 Priorit Includes a prioritized list of tasks that need to be
' y performed in order to fulfil an order.
(1]
g 6. Change capacity |Simulate impact of overtime, adding new worker
- levels skills, switching work between shifts
g 7. Change capacity |Simulate impact of utilizing workers with excellent, | Vhatare otherglternative to
= flexibility and good skills, and utilizing alternate resources. fulfill the order
S - - - - -
2 |8. Supplier schedule Simulate impact of different supplier delivery dates on
3 schedule, cost, and resources.
9. Subcontract Simulate option to subcontract some tasks if limited by
capacity or worker skill level.
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4.3 Estimation of Completion Time

One of the main gaps in the literature is how to represent capacity of repair shipyards. If the capacity is not well
described, the results will be unreliable. The work force teams listed in Table 1 are usually grouped according to cost
centers. This is mainly due to the traditional decision support approach to individually deal with time, cost and capacity. It
results in complicating the planning process and ultimately it has a negative impact on productivity. An improved approach
to capacity modeling is as follows:

1) Workers throughout the shipyard can be categorized according to their main skills. A count can be maintained

for each skill type. Table 3 shows an example of such information. Information about interchangeability of workers can also
be maintained.

Table 3. Skill Profile

N Skill Qty | N Skill Qty | N Skill Qty | N Skill Qty
1 |Welder 300 | 6 |Mechanical 32 | 11 |Crane operation 10 | 16 |Ship docking 20
2 |Cutter 100 | 7 |Electrical 60 | 12 |Forklift operation | 100 | 17 |General labor 100
3 |Blowtorch| 100 | 8 |Blasting 50 | 13 |Carrier 100 | 18 |Security office 50
4 |Boiler 50 | 9 [Painting 60 | 14 |Scaffolding 100 | 19 |Firefighting 100
5 |Assembly | 100 | 10 |Plumbing 30 | 15 |Carpenter 100 | 20 |Quality Control 50

2) Work teams should be formed dynamically by grouping skills required for a given task, e.g. if a task needs a
welder, cutter, and a blow torch operator, and if a worker has all of these three skills, then the team will consist of only one
person. However, if one worker has two skills and another worker has the third skill, then the team will consist of two
workers. The manager ultimately defines the number of workers for each task. Dynamic management of teams offers
scheduling flexibility. Table 4 shows a dynamic team matrix. Team 1 is able to weld, cut, and perform blowtorch
operations, whereas Team 2 can cut and perform blowtorch operations. Each repair facility will maintain data as shown in
Table 4. An “O” in Table 4 indicated team skills. Number of workers in a team is shown under the “Qty” field in Table 4.
Such an approach provides scheduling flexibility.

Table 4. Team Matrix

Welder | Cutter | Blowtorch | Boilers |Assembler| Mechanic | Oty
Team 1 o] ) o] 150
Team 2 0] 0] 60
Team 3 o] O 10
Team 4 (0] 0] 0] 10

3) Tables similar to Tables 4 can be created for other resources. Number of hours required for a task and in which
shifts a team works will depend upon shipyard strategy. Suppose team 1 has 150 workers and skill welder can be only
required at shift 1, whereas cutter and blowtorch skills is required for all three 3 shifts. Hence, the welder skill from team 1
will be not available for shifts 2 and 3, even though workers are there with these three skills. In case, these skills do not
differentiate in terms of shifts, information for the entire team regarding to work shift is enough. Table 5 shows the final
input information for team 1 regarding its skill’s flexibility versus capacity (shift), grade for productivity, and grade for
quality. The same logic can be applied for all teams.
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Table 5. Operator Skill Classification

Skills Shift Time Quality
Welding 1 Excellent Good
Cutting 1,2,3 Good Satisfactory
Blowtorch 1,2,3 Satisfactory | Excellent

[SSN (ONLINE): 2329-0188

The proposed method utilizes a dynamic approach to matching skills with tasks, instead of the typical pre-
determined approach. It provides flexibility in resource allocation and opportunities to reduce costs and increase throughput.
The proposed method searches for skills instead of resources as suggested by (Van Dijk, 2002). Dock managers use the
common decision support approach of using pessimistic time (a), most likely time (m), and optimist time (b), to estimate task
completion time. Assuming a beta distribution, the task completion time is estimated by tf = (a + 4m + b) /6. However, the
expected task completion time is strongly impacted by the resources utilized to carry out the tasks. In the ship repair
industry, a task can be carried out by a variety of skills and resources. This paper proposes a simulation approach to
matching skills and resources. Such an approach will enable management to consider factors such as machine efficiency (E),
operator experience (OE), weather conditions (W), and local factors (LF), to estimate task completion time as shown in
equation 1.

_a+4m+b

ts = 5+ E * OF * W = LF (D

4.4 Operational Decision Making

Operational decisions making involves tactical knowledge of shipyard issues. The routine operational decisions
have higher priority than dispatching rules because operational decisions strongly impact dispatching rules making them
sometimes innocuous. There is a need for rapid decision making due to changes in priority, capacity levels, capacity
flexibility, anticipate shipment from suppliers and subcontracts. The simulation approach allows for flexibility in operational
decision making, as opposed to having a single global rule for the entire shipyard (Chryssolouris, 1999), (Chryssolouris et.
al., 2004) and (Mourtzis, 2005). In addition, different rules should be developed for each resource, because rules for welding
resource do not apply to the painting resource.

4.5 Management Reports

The simulation approach can analyze impact of routine decisions on system throughput and cost. Table 6 lists some
of the reports that can be generated for dock managers and other stakeholders.

This paper proposes the concept of Resource Plan Robustness (RPR). It is based on the work done by (Wullink,
2005), (Yamashita et al., 2007), (Leus et al., 2011), and (Artigues et al., 2013). The decision makers can utilize this
information, along with prior knowledge of orders, to estimate demand, as opposed to utilizing a probabilistic approach. The
proposed system deals with short-term production planning. It estimates possible arrival of new orders (ships coming in).
Use of a probabilistic approach to estimate future demands adds additional uncertainty to the project. Hence, PD,,,
TPDr, ACr,t are computed according to equations (2), (3) and (4) respectively. The available capacity (AC) assumes two
different values depending upon the time horizon.
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Table 6. Management Reports
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Outputs (Reports)

Description

Simulator

1. Resource Utilization

Loading required and available capacity for each resource during
the simulation time horizon.

2. Schedule

Order in which tasks must be performed by resources to order to
meet the current goals.

3. Procurement issues

Materials that will delay the start time of a task.

4. Throughput and
Tardiness

Estimated delivery data vs. the deadlines agreed upon with the
customer.

5. Financial

Impact of a decision on total cost, operational cost and schedule.

6. Lead times

Time needed to finish all tasks to meet order deadline.

7. Energy consumption

Estimate of energy cost of a decision.

8. Resource Plan
Robustness

An index to measure the robustness of a plan, with respect to
available capacity.

What can be assessed to
verify if the current plan
will meet current goals?

=z

NPO NTPp

PD,, = Z pd .. (vr € RVt < THPO) (2)
1

=~
Il

p=1
THPO
TPD, = Z PD,, (vr) 3)

t=0

No NT;

ACT,t — Cre + 0y — Z Z Cijrt (VT‘ € R); t < THO (4)

i=1 j=1
¢, +0,,(Vr € R),THO < t < THPO

Resource Robustness (RR) can be computed by equation (5). It is different from (Wullik, 2005), because it splits
the numerator into two terms in order to deal with the available capacity that changes with time. The first term deals with
THO and the second term deals with THPO. The first term is the sum of the minimum of AC,,and PD;. The second term
in the numerator is a minimum of AC,, and (PD, + CD,.;) because prospective demand and current demand come to play at
the same priority level. The Resource Plan Robustness (RPR) is computed by equation (6). A value of 0.8 is used for
illustration purposes. The closer RPR is to one, the more capable the current plan is to adapt to prospective orders.

RR

T
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%, RR,

RPR=08==1_T
08 =S, TPD;

(6)

The RPR analysis is performed to verify how robust the current plan is with respect to uncertainty of future orders.
Robustness index taken in isolation, without other outcomes does not provide accurate assessment. The overall plan
robustness (PR) can be determined by simulating several scenarios, and assess the results from the multi-objectives criteria.
Energy consumption in a shipyard has a major impact on cost and the environment. Operational decisions, such as,
overtimes, hiring of temporary workers, affect energy consumption. Therefore, energy cost is taken into account to verify if a
decision is cost effective. Since each task consumes energy, a report on energy consumption is necessary. Sum of Worker
Cost (WC), Material Cost (MC), Resource Cost (RC), Over Time Cost (OTC), Tardy Cost (TC), Holding Cost (HC), Setup
Cost (SC), Sub-Contractor Cost (SCC), Procurement Cost (PC), and Energy Cost (EC) can provide an estimate operational
cost. Equations 7, 8, and 9 quantify the impact of an operational decision on operating profit.

Gross profit (GP) = Revenues — Fixed Costs @)
Operational Cost (OC) =WC +MC +RC + OTC + TC + HC + SC + SCC + PC + EC (8)
Operating Profit=GP - OC (9)

5. Conclusions

This paper proposes the use of event driven simulation (for finite capacity systems) for short term planning of ship
repair and maintenance tasks. The proposed approach is able to access risks and costs associated with operational decisions.
It is able to respond to uncertainties and has the ability to simultaneously consider complex constraints, and adapt to the local
environmental factors.
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Notations
Symbols Description
NO Number of Orders
i Index of orders, i =1 to NO
NT; Number of Tasks for order i
j Tasks index, j =1 to NT;
THO Committed Time Horizon
NPO Number of Prospective Orders
p Index of prospective orders, p = 1 to NPO
NTP, Number of Tasks for Prospective order p
k Index of tasks for prospective orders, k =1 to NTP,
THPO Time Horizon for Prospective Orders
R Resources capable to performing task j or perspective task k
r Index of resource R
t Date/time value
CDy¢ Current Demand for resource r to fulfill all orders by time t
Cijrt Committed loading for order i, task j, resource r up to time t
PD; Prospective Demand for a resource r during time t
TPD, Total Prospective Demand for a resource r up to THPO
Pdpkrt Prospective demand of an order p, task k, requiring resource r, during time t
AC;, Available Capacity of resource r during time t
Crt Regular capacity of resource r up to time t
Oyt Overtime capacity of resources r up to time t
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