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This paper presents a risk assessment approach for evaluating the goodness of ship
production scheduling and planning. The objective of this paper is to utilize the probabilistic
analysis to assess the goodness of the proposed planning of ship production in shipyards.
The approach is based on the uncertainty propagation analysis of the scheduling parameters
and resources. The impact of the analysis on the risk of non-completing the shipbuilding
process on time is calculated. The impact of uncertainty characteristics such as mean value
and standard deviation on the risk is investigated. The impact of crucial tasks time and
crashing techniques on the risk involved in scheduling is assessed. Critical Path Method
(CPM), and Program Evaluation and Review Technique (PERT) are the main techniques used
in the calculations. Further work is needed to include cost risk into the schedule risk to
assess integrated risk involved in engineering project management.
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1. Introduction

Completing a shipbuilding project on time
is an essential part of implementing the
building plan. A good project plan that is
never implemented is no better than no plan.
A task can be done in, say, two weeks - or one
week if it is pushed, three weeks if bad
circumstances occurred. Then time is added
up to do the various tasks to estimate how
long it should take to complete the project.

Managing schedule risk means arranging
the project tasks and their resources (human
and other) considering uncertainties involved
in tasks duration in a sequence that facilitates
their completion. In this paper, a simple case
study of block assembly is presented to
illustrate the impact of risk control during
scheduling on the risk-involved in completing
a project on time.

The management of ship construction
requires the use of the related techniques of
planning, scheduling, and production control.
The productivity of the shipbuilding process is
dependent on the coordination of different
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resources involved. Managing these resources
is the key to efficient production.

Scheduling is the laying-out of the planned
time in which tasks are to be performed.
Material and manpower requirements needed
at each stage of production are determined, as
well as start and finish times for each job.

In defining planning and scheduling, the
need to identify independent jobs or activities
and an order of precedence for these jobs
should be described. These data represent the
prerequisites for employing the primary
techniques of the Critical Path Method (CPM)
or the Program Evaluation and Review
Technique (PERT) [1].

PERT was first used in the 1950s on
projects like the construction of the Polaris
submarine - a project that required coordinat-
ing the activities of 250 contractors and 9000
subcontracts [2]. PERT requires task definition
and duration in addition to the specification of
the relationship between tasks and the
resources required to complete each task in a
given period of time. Once the network of
activities is determined, the Critical Path
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Method (CPM) is used to reallocate resources
to find the shortest time in which the project
can be completed (and what resources would
be needed to do that).

The value of an engineering project will be
degraded (or even completely lost) if the
project cannot deliver the engineering
products within the specified time frame. The
great amount of uncertainties and variability
involved in resources allocation can cause an
unaccounted delay in the schedule, hence,
economical losses, or even legal actions. The
shipbuilding project planner should consider
the uncertainty during scheduling. This paper
will illustrate how to identify critical paths for
schedule, evaluate uncertainties with the
critical paths, and control the critical paths
with risk management techniques.

2. CPM & PERT analysis

Tools for analyzing schedule risk require a
few assumptions, and use only a few technical
terms. PERT and CPM assume that all
activities have distinct beginning and ending
points. PERT and CPM assume that the
estimates of the time needed can be well-
defined mathematically. It takes a lot of
experience to accurately gauge the time a task
will take. Time estimates will be highly
uncertain and the quantitative measures of
"normal" time and the probability estimates of
completion time will be highly unreliable .

Also, PERT and CPM assume that the time
value of money is not an issue. In other words,
there is no need to consider discounting of
future costs (or benefits), nor are there
indirect monetary benefits to time (other than
those incorporated in the costs to "crash" the
time). For most projects, these assumptions
are acceptable.

The followings are a few technical terms
used in PERT and CPM;

Critical path: the longest path (in terms of
time) to the completion of a project, the critical
path is the work-path, which, if shortened,
would shorten the time it takes to complete
the project. Activities off the critical path
would not affect completion time even if they
were done more quickly.

Slack time: Slack time is the difference
between the expected time for arriving at the

end of a task and the latest allowable time for
finishing it.

Crashing: shifting resources to reduce slack
time so the critical path is as short as
possible.

2.1. PERT analysis

PERT was developed by the U.S. Navy for
the planning and control of the Polaris
Submarine missile program and the emphasis
was on completing the program in the shortest
possible time [2]. In addition PERT had the
ability to cope with uncertain activity
completion times (e.g., for a particular activity
the most likely completion lime is 4 weeks but
it could be anywhere between 2 weeks and 8
weeks).

1. Define tasks to be performed.

2. Link tasks in sequence.

3. Estimate time to complete each task
(normal time) as follows;

e Use 3 estimates: most optimistic Te, the
completion time we would expect under
normal conditions, most pessimistic Tpi, the
completion time if things go badly, and most
likely Ti, the normal time.

¢ Determine the expected (average) time:

T = (Toi+4Ti+Tp)/ 6. (1)

Note that this weighting of the optimistic,
most likely, and pessimistic times of 1/6, 4/6,
1/6 is fixed and cannot be altered (as the
underlying theory depends on these weights).
4. Determine the standard deviation of
meeting the expected time, use the time range
(Tpi-Toi) to estimate standard deviation of the
time for each activity,

si = (Tpi-To) / 6. (2)
2.2. CPM analysis

CPM emphasizes on the trade-off between
the cost of the project and its overall
completion time; the followings are the steps
needed to develop a CPM analysis for a project
[1]:

1. Develop time and cost data (normal and
crashed) for all tasks.
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2. Develop cost-per-week for crashing (differ-
ence in cost divided by time saved).

3. Develop project network (PERT).

4. Accelerate the activity on the critical path
with the lowest cost-for-accelerating.

5. Recalculate the project network (the criti-
cal path might have been changed).

6. Repeat steps 4 & 5 until all the paths have
been minimized.

7. Ease up on all non-critical paths, just to
the point that all paths are critical.

By assuming the distribution of comple-
tion times are normally distributed, and if the
PERT analysis arrives at an expected
completion time of 10 weeks and the standard
deviation of that estimate (i.e.. the pooled
standard deviations of the various tasks) is
1.0, then you can expect that 95% of the time
(or, you can predict with 95% confidence) the
project will be completed in 8-12 weeks. If you
are more of a risk-taker, the confidence inter-
val for +1 standard deviation is about 68%.

3. Schedule risk for a block sub assembly
task

Schedule risk assessment is the general
name given to certain specific techniques,
which can be used for the assessment,
management and control of projects. As there
are uncertainties in the estimation of the
duration of the individual activities, the
project completion time may be evaluated only
with an associated uncertainty. We will illus-
trate schedule risk assessment with reference
to the Block Sub assembly example. The fol-
lowing example of building a steel block (block
1-2) which consists of two subassemblies 1
and 2, each of which is made up of steel parts
fabricated from plate, will be used to illustrate
the risk due to uncertainties involved in
undertaking tasks on time. The cited example
is using assumed numbers for illustrative
purpose only. The goal of this example is to
demonstrate the impact of uncertainty in
scheduling on the risk of completing the
project on time.

Table 1 identifies the activities and their
precedence relationships. Fig. 1 shows the

developed Gantt chart (network) of the
assembling process. The critical path is the
longest path in a project network. In the
example, the path 1,2,5,7,9,10 is the critical
path, with project duration of 20 weeks.

The key question is: how long will it lake to
complete this project? (i.e., complete all the
activities while respecting the precedence
relationships). One answer could be if we first
do activity 1, then activity 2, then activity 3,...,
then activity 10. Such an arrangement would
be possible here (check the precedence rela-
tionships above), and the project would then
take the sum of the activity completion times,
or 20 weeks.

However, could we do the project in less
time? It is clear that logically we need to
amend our key question to be: What is the
minimum possible time in which we can
complete this project?

We shall see below how the network
analysis (Gantt chart) we construct helps us
to answer this question.

The second key question is: how certain
are we that the project will be completed on
time? In order to answer this question, we
need to calculate the uncertainty characteris-
tics in the completion time of the project due
to uncertainty in completion time of each task.

In order to do this, we need to calculate
the average and standard deviation of the
completion time of the project. Then we can
calculate the probability of failure of meeting
the expected time of the project based on the
assumption that the completion time follows a
normal distribution. The normal distribution
was assumed for simplification of the
calculations. However, if more statistics are
available on the uncertainty of undertaking of
shipbuilding projects in shipyards, then the
proper distribution type could be changed to
Weibull, Lognormal, etc.

The critical path is found to be: 1-2-5-7-9-
10. From table 1, the expected estimates for
project completion time can be calculated by
[3]:

Completion time = T1 + To + Ts + Ty + To + Tio
= 3.25+7.58+1.08+5.42+1.08+3.25=20 weeks.
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Table 1
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Activities for building a steel block (block 1-2)

Most
Optimistic likely Pessimistic Expe_cted St. Dev. ML}St be .
.. : . . time= - finished Variance
Task # Activity name time (7o) time time (t) T4 ST bef hi
weeks (Tw) weeks (Tort4T; (Tpi-To) /6 cfore this  (VAR)
P Tp) /6 P task starts
weeks
Determining steel ) g 3 6 3.25 0.75 - 0.56
1 plate order
Shipping steel
2 plate to shipyard 3.5 7 14 7.58 1.75 1 3.06
Preparing N/C
tapes for cutting 4 8 16 8.67 2.00 - 4.00
3 plate
Cutting parts for , o 1 2 1.08 0.25 2,3 0.06
4 subassembly 1
Cutting parts for
5 subassembly 2 0.5 1 2 1.08 0.25 2,3 0.06
Assembling
6 subassembly 1 2.5 5 10 5.42 1.25 4 1.56
Assembling
7 subassembly 2 2.5 5 10 5.42 1.25 5 1.56
Transporting
subassembly 1 to
block assembly 0.5 1 2 1.08 0.25 6 0.06
8 site
Transporting
subassembly 2 to
block assembly 0.5 1 2 1.08 0.25 7 0.06
9 site
Assembling Block ;5 3 6 3.25 0.75 8,9 0.56
10 1-2
& Microsoft Project - Schedule of Subassemly
&) Fle Edit View Insert Format Tools Project Window Help
[Determining steel piate order
Jun 29, 03 Jul6, 03 Jul13_03 Jul 20,03 Jul27, 03 =
S[S[M[T[W[T[F[S|[S[M[T[W[T[F[S|[S[M[T[W[T[F[S|S[M[T|[W[T[F[S[S[M[T]I
Determining steel plate order
Shipping;steel plate to shipyard
[
Preparing N/C tapes fétr cutting plate
e —
Cutting p nsvor subassembly 1
Cutting pi ns@bassemhlyz
| Assembling subassembly 1
»_‘5 Assembling subassembly 2
5 :
E Transporting subassembly 1 to block assembly site
Transporting subassembly 2 to block assembly site
_Assemb ing Block 1-2
1
v ‘l ]
Ready Calculate
'y start | i schedueRiskinPlan... g Microsoft Project - 5c...
Fig. 1. Critical path in gantt chart of block assembly.
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The standard deviation, a, can be
calculated by [3];

o=yo2+0} +02+02 +02 +02

=752 +1.752 + 752 +1.252 + 252 + 752
=2.42.

The following probability calculations
assume that activities are independent and
that all paths are also independent. It also
assumes that there are a large number of
activities so as to enable use of the normal
distribution. Therefore, when the activities
are not independent or the number of
activities is not large, the analysis could be
biased.

The probability of failure to meet the
expected completion time is calculated by [3]:

P=10- {qb[ (Tz;é 0)}} , (3)

Where T is the completion time of the task,
and F is the standard normal cumulative
distribution function. Eq. (3) gives the follow-
ing values:

- Probability of finishing within 21 weeks is
0.66.

- Probability of finishing within 20 weeks is
0.50.

- Probability of finishing within 19 weeks is
0.34.

Using this probability analysis it is possi-
ble to construct the graph shown in fig. 2. For
a range of possible project completion times,
we have plotted the probability that the project
will have not been completed by that time.

This plot is based on the assumption that
one critical path is dominant. The analysis for
multiple critical paths will be presented next.

4. Schedule risk for multiple critical paths

To obtain a better estimate of the schedule
risk, the multiple work-paths and their impact
on project schedule must obviously be in-
cluded; nevertheless, the mutual correlation

between the work-paths should also be
considered.

Given n critical paths, the probability of
not completing a project within specified time
can be calculated as [3]:

P=1-(1-P)(-P) .... (1-Pn), (4)

Where P; is the probability of not complet-
ing critical path i within specified time.
Reducing an activity completion time is known
as "crashing" the activity.

Suppose for the problem of assembling
blocks, the specified completion time is 20
weeks: the probability of not completing the
project is 50%: the management team feels
that the schedule risk is too high given the
importance of the project. The management
team decided to crash the critical activity
number 2 in order to reduce the length of the
completing time of the project [4]; they shorten
the duration of activity number 2 “Shipping
steel plate to shipyard” to 5 weeks by arrang-
ing faster shipping process and increasing the
margin of ordered amount of steel based on
quick rough estimate of steel weight. This will
result in an additional 5% cost of purchased
steel [5]. The revised activity list and Gantt
chart are shown in table 2 and fig. 3. It is also
shown that crashing activity number 2 does
not affect activity number 3 because the latter
has a slack time of 2 weeks as shown in fig. 1.

As shown in fig. 3, there are two critical
paths after incorporating the crash activity:
Critical path I: 1-2-5-7-9-10
Completion time = 18 weeks
Standard deviation = 2.09
Critical path II: 3-5-7-9-10
Completion time = 18 weeks
Standard deviation = 2.50

The probability of not completing project
by time T can be calculated as [3]:

P=1.0- {qb[ (Tzfolgs)}.qb[ (TZ"';)S)}} . (5)

As shown in fig. 4, the probability of not
completing the project within 20 weeks has
been reduced to 21% by the crash activity in
critical path II and to 17% in critical path I.
It can be profitable to capture the benefits that

Alexandria Engineering Journal, Vol. 42, No. 5, September 2003 541



Table 2

100% -

90%

80% -

70% -

60% -

50% -

40% -

30%

20% -

Probability of Not Completing Project

10% -
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Original Schedule

0%

21 22

Specified Completion Time (Weeks)

23

Fig. 2. Probability of not completing project within specified project completion time.

Revised table of activities for block assembling after crashing activity “2”

Task # Activity name Optimistic = Most Pessimistic Expected St. Dev. Must be  Variance
time (i) likely  time (&) time=(Toi+ s= (Tpi-To) /6 finished (VAR)
weeks time weeks 4Ti+Tp) /6 before

(t) this
weeks task
starts

L Determining steel ; g 3 6 3.25 0.75 - 0.56

plate order

2 Shipping steel 2.5 5 10 5.42 1.25 1 1.56

plate to shipyard

3 Preparing N/C

tapes for cutting 4 8 16 8.67 2.00 - 4.00
plate
4 Cutting parts for ) g 1 2 1.08 0.25 2,3 0.06
subassembly 1

5 Cutting parts for ) 5 1 2 1.08 0.25 2,3 0.06
subassembly 2

6 Assembling 2.5 5 10 5.42 1.25 4 1.56
subassembly 1

7 Assembling 2.5 5 10 5.42 1.25 5 1.56
subassembly 2

8 Transporting
subassembly 1 to
block assembly 0.5 1 2 1.08 0.25 6 0.06
site

9 Transporting

subassembly 2 to ) 1 2 1.08 0.25 7 0.06
block assembly
site
10 A\ssembling Block - 5 3 6 3.25 0.75 8.9 0.56
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& Microsoft Project - Schedule of Subassemly After Crash

@ Eile Edit View Insert Format Tools Project Window Help

=21 x|
[
Jun 29, '03 Jul 8, '03 Jul 13,'03 Jul 20. '03 =
SITMJ]TIIWI[TTFTS S MJ]TIIWI[TTFTS SIMJ]TIIWI[TTFTS S T M T [ W]
Dletermining steel plate order

3 days
Shipping stezl plate to shipyard

5 days [
Preparing MN/C tapes fo

Crashed Critical Path 1

icutting plate

8 days

1 day Cutting patts for subassembly 1

1 day Cutting patts for subassembly 2
Assembling subassembly 1
5 days :
- Assémbling subassembly 2
2 Hdays [
;‘;’ Transporting subassembly 1 to block assembly site
3 1 day
Transporting subassembly 2 to black asgembly site
1 day
Avsemblmg Block 1-2
Bdays
|  Critical Path

I Non-Critical Activities

»
Ready Calculate 1 3

& Microsoft Project - 5c...

Jun 29, '03 Jul 6, '03

Jul 13, '03 Jul 20, '03 =
S ITMJ[TI[WTITTI]FT]S S [M[TT[IWTITTTI[EF] M [ TITWITI[FTITS S T MTTTWI]

Determining steel plate order
3 days
Shipping stes

el plate to shipyard

Crashed Critical Path II

Preparing MN/C tapes for:cuttmg plate

Cutting parts for subassembly i1

o

Cutting parts passembly 2

Assembling subassembly 1

Assémbling subassembly 2

Transporting subassembly 1 to block assembly site

.. Transporting subassembly 2 to black assembly site
| Critical Path

A‘:Sernbling Block 1-2
I ——]|

Non-Critical Activities

3]

Ready Calculats
R -

11:04 PM

Fig. 3-b. Gantt chart for block assembling (critical path ii) after crashing activity “2”.
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100%

90%

80%

70%

60%

50%

40%

- - - -Crashed Schedule Il
— — Crashed Schedule |
Original Schedule

30%

20%

Probability of Not Completing Project

10% | |

|
17% Crashed N

*\| 21% Crashed

&
N

Schedule | | N

I I ~

| | N

0%

19 20 21 22 23

Specified Completion Time (Weeks)

Fig. 4. Probability of not completing project as reduced by crashing activity “2”.

using schedule risk assessment can bring to a
project.

5. Conclusions and recommendations

1. Plainly it is possible to ask and answer
what if questions relatively easily (e.g., what if
a particular activity takes twice as long as
expected - how will this affect the overall
project completion time?).

2. Network analysis using Gantt chart is
useful at the planning stage as it creates a
structuring of thought about the project and
clearly indicates the separate activities that we
need to undertake, their relationship to one
another and how long each activity will take.

3. Management can identify activities, at the
start of the project, that were non critical but,
as the project progresses, approach the status
of being critical. This enables the project
manager to "head off” any crisis that might be
caused by suddenly finding that a previously
neglected activity has become critical.

4. Project crashing can be a powerful tool to
decrease the risk of not completing the project
S. Further work is needed to integrate
schedule risk and cost risk to evaluate the
integrated risk of ship production projects.
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