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Abstract conditions facing the inspector of an oil tanker, described

_in Williams and Sharpe (1):
Owners, operators, and regulators must ensure that ships

and marine structures operate efficiently and safely, with-
out undue risk to cargo, personnel, or the environment.
Because load histories are uncertain, and because there
is incomplete knowledge of the capability of operational
structures, periodic inspections are carried out to assess
structural condition. Inspection is a critical means of
maintaining structural safety and functionality, yet the
circumstances under which they are carried out are far
from ideal.

“...picture ... a large gymnasium. The com-
partments...are on that scale. The inspector
usually enters this compartment via a ladder
from the main deck...wearing coveralls and
armed with a flashlight, hopefully an atmos-
phere monitor, a hammer, pen and inspection
book. Often the only available light source is
the natural light coming from a few 350mm
diameter tank washing openings in the deck.
Usually the tank has not been staged for re-
pairs. Now, given those conditions, consider
that the inspector is tasked with being able to
find a 25mm crack on the framing as far away
as the back corner of the gymnasium.”

The work described here is part of an investigation of the
likelihood that flaws will be detected during a particular
inspection. This paper presents a model of the factors that
affect performance in the inspection of tankers, including
characteristics of the vessel, of the inspector, and of the
environment in which the inspection is carried out. A
study of historical tanker inspection data highlights the Marine structural inspections generally involve an initial
importance of prior knowledge on the outcome of an overall visual inspection: a trained inspector “looks over”

inspection. the structure, focusing on known problem areas and on
) anomalies. Depending on the type of structure, this over-
1. Introduction all visual inspection may be followed by close-up visual

The owners, operators, and regulators of ships and maringspections and the investigation of selected areas using
structures must ensure that these facilities operate effian instrumented method of non-destructive evaluation.
ciently and safely, without undue risk to cargo, personnel,Inspections are labor intensive and physically demanding.
or the environment. Because the loads on structures ar&€here has been a significant interest in making inspections
uncertain, and because we have incomplete knowledge dgfafer, faster, and more effective. New technologies for
the capability of operational (i.e., as-built/as-maintained, marine inspection are described in, among other sources,
as opposed to as-designed) structures, periodic inspectiortdolzman (2), Goodwin and McClave (3), and Allen et al.
are used to help ensure that these goals are met. 4).

Inspections are in many ways the “last resort” in ensuringThis paper presents a model of the factors that influence
the safety of marine structures. However, from a humaninspection performance — that is, the factors that influ-
factors perspective, the circumstances surrounding marinence the likelihood that, if a defect exists, it will be found
inspections are far from ideal. Consider, for example, theduring an inspection. The model should be of use in
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guiding research into new inspection technologies and aghe factors shown in Figure 1 can reasonably be expected
a starting point for quantifying inspection performance in to influence the probability of detecting flaws. It impor-
terms of probability of detection (POD). Although it is tant to keep in mind the difference between factors that
developed to describe factors affecting the inspection ofinfluence the initiation and existence of defects and factors
crude oil tankers, the model should be applicable to othethat influence the probability that existing defects will be
marine structures as well. The model was devloped basedetected during an inspection. The initiation and exist-
on a review of the literature and interviews with those ence of defects may be due to the inadequate load carrying
involved in marine inspections. Work by Ayyub and capability of the as-designed structure, to misalignments
White (5) addressed many of the same issues as the woikitroduced during fabrication, and/or to the route the
described here and is referenced throughout this paper. vessel has traveled. However, these aspects of the vessel's
history have only an indirect influence on the ability to
2. Factors Affecting Performance detect the defects during inspection. The direct influence

Each inspection represents a unique combination of veson probability of detection is through characteristics of the

sel, personnel, and environment. Holzman (2) noted thaEEfeCt (type, size, and location), the inspector’s prior

inspection performance depends on the inspector, the tanvnowl?edgs\/ic;f :r]r? \r/:teslsel na:jnd srlster:nsrln?s, tarnd tEeV\(/)r;[hi?]r
being inspected, and the method of inspection used €ss€l, environmental, and personne’ factors Sho

Ayyub and White (5) provide a more detailed breakdown Flgpre L Und_erstandmg the way in Wh|Ch. d_eS|gn, fabri-
of factors influencing inspection: cation, operation, maintenance, and repair influence the

initiation and existence of defects is important and could
improve inspection performance. However, the focus of
« vessel factors related to the design and con- this paper is on the factors that determine the likelihood
struction of the ship, such as the type of struc- that a defect, once it exists, will be detected.
tural detail, the material used, the structural
access provided, Ideally, a comprehensive set of factors that are mutually
independent in their influence on inspection performance
* defect factors that depend on the type of de-  ¢oyid be defined. Each factor's influence could then be
fect, i.e., cracks, corrosion, or buckling, combined directly with a “baseline” performance to yield
the probability of detection in a particular situation. In
reality, the extent to which one factor, such as time avail-
able, influences performance is likely to be highly depend-
« environmental factors, including weather, the  ent on other factors, such as the inspector’'s experience.
time allowed for inspection, the number of in-  As as result, incorporating the affect of multiple factors
spections planned for a day, and the location of will be more complicated. The following sections discuss
the vessel, and each of the factors in greater detail.

» service factors, including coatings, cleanliness
of the tank, and type of corrosion system,

« personnel factors, including experience and 2.1 Vessel
training. ’
Characteristics of the vessel affect the likelihood that
defects will be detected. Vessel characteristics can be
In considering inspection performance, and the steps thagivided into two categories: design factors and condition
might be taken to improve perforamnce, it is helpful to factors. Design factors, (structural layout, size, and coat-
group factors according to the extent to which they can bengs) are fixed during initial design or through the redesign
modified at each stage of a vessel's life. Taking thisthat may accompany repair. Condition factors reflect the
approach led to the model of inspection performancechanges in a vessel as it ages. These include the cargo
shown in Figure 1. Inspection performance is influencedhistory of the vessel, and characteristics of individual

by the vessel, the inspector, and the environment. Vesselefects such as the type of defect, its size, and its location.
factors are divided into design factors that represent deci-

sions made when the vessel was designed (or redesignesl 1 1 Design

as part of the repair process) and condition/maintenance

factors that represent the use of the vessel. InspectdDesign factors influence POD in several ways. The struc-
factors are those related primarily to the inspector and theural layout and size of the vessel help how easy or difficult
inspector’s workload. Environmental factors are further it will be for an inspector to gain access to all portions of
divided into external factors that are to some extent bethe structure, and how effective efforts to clean the tank
yond the control of the parties involved in a particular will be. The existence, type, and condition of coatings can
inspection, and procedural factors that are primarily also affect the likelihood that a defect will be detected, as
within the control of these parties. can the configuration of structural details.
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The choice of structural material has been mentioned as a  coatings are very light in color, and cracks

design factor influencing inspection performance (5). At show up as lines of running rust, making them

present, choice of material for tankers is limited to mild very easy to spot.” (5)

and high strength steel; several grades of each are used.

The choice of material and the way in which the materialWilliams and Sharpe also find coatings to have a mixed

is used to carry loads within the structure can have a majoimpact on inspection performance:

impact on whether or not defects will occur over the

lifetime of the structure. However, the different types and “Coatings for tanks vary widely and can either assist an

grade of steel do not appear to have a major influence ofspector or can hide problems. In the best situation the

the probability that a particular defect, once it exists, will coatings are light and allow the cargo to runoff well when

be detected. There may be an indirect influence (such athie tank is washed. Often a crack can stand out quite well

differences in the location of fatigue fractures), but this with this type of coating as heat causes the oil to slowly

would be captured by the “defect” factors described inseep out of the cracks in the coating well after cleaning.

Section 2.2.2.2. Therefore, “material” is not included asIn other cases the coatings may not harden, leaving a

a factor in the model presented in Figure 1. coating which flows or stretches over cracks and prevents
them from being seen.” (1)

2.1.1.1 Structural Layout

The major impact of structural layout on POD is though The impact of coating on inspection performance was also

its influence on access. The existence of ladders, catnoted by many of inspectors interviewed for this study.

walks, and bulkhead openings large enough to allow easynspectors felt that coatings could mask fractures in the

passage by an inspector can improve access to varioustructure, that the scaling and corrosion that accompany

regions of the tank, allowing a close-up view of the coating breakdown could hide crack damage, and that

structure and increasing the likelihood that defects will beepoxy coatings in ballast tanks can make underway in-

found. A summary of design modifications that can im- spections more difficult due to slipperiness. On the whole,

prove access is provided in (2). Structural layout andcoatings appear to have a mixed impact on probability of

details also influence the extent to which residue accumusdetection.

lates in the areas where defects are likely to form, and the

ease with which these and other areas can be cleaned. 2.1.1.4 Structural Details

The structural layout of double hull tankers is quite differ- The design of structural details influences the probability
ent from that of single hull vessels. At present it not that a defect will be detected. Detail design helps deter-
known how POD for a double hull tanker will compare mine the likely locations at which a defect will occur, and

with POD for a single hull vessel. how visible these locations will be to an inspector. Visi-
) bility is influenced directly by the detail design, and indi-
2.1.1.2 Size rectly by the extent to which a design promotes

The size of a vessel can impact the likelihood that a defectleanliness. A structural detail in which the likely defect
is found, although this effect is highly coupled with the locations are easily visible will lead to a higher probabilty
time available for an inpsection. An estimate by U.S. of detection than one in which a defect is likley to occur
Coast Guard field personnel of the percent of internalbehind a flange or in an otherwise obstructed location.
structures actually inspected ranged from roughly 75% forwith respect to cleanliness, probability of detection will
20-40 KWDT vessels down to roughly 20% for vessels be lower for a detail whose configuration allows silt (in a
greater than 200 KWDT, Bell et al. (6). Itis reasonable toballast tank) or crude residue (in a cargo tank) to collect
expect that, as the percent of a vessel inspected decreaseser likley failure areas.

POD also decreases.

2.1.1.3 Coatings . _ _
Ayyub and White note that the existence and type ofCondition/Maintenance factors reflect the changes in a
coating may have a major impact on inspection perform-vessel as it ages, and include the age and cargo history of

2.1.2 Condition/Maintenance

ance: the vessel and characteristics of defects such as the type of

defect (crack, corrosion, buckling), and its size, age, and
“There will be a lot of difference in the inspec- location. Ayyub and White also include corrosion protec-
tor’s ability to detect failures in a coated fresh tion among service factors, their category closest to con-
water tank than in an uncoated crude oil dition/maintenance. However, aside from coatings, the
tank...Coal-tar epoxy coatings are usually effect of which is described above, corrosion prevention
quite thick and provide an irregular surface. systems do not appear to have a significant impact on the
This makes visual detection of cracks very dif- probability that a defect, once it exists, will be detected
ficult. On the other hand, some co-polymer during inspection.
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2.1.2.1 Age to three inches) under general conditions when reasonable

Prior knowledge of defect areas on a particular vessel ofccess is provided and when no special instructions have
class can influence the probability of detection. On anbeen given. Fractures much smaller than this (under 10
older ship, “trouble areas” will be known from previous mm) can be detected when special attention is paid to a
inspections or from sister ships. An inspector will focus particular location.

attention on these areas, and therefore be more likely to ) ) ]
find any defects that exist. On the other hand, in an older’ "€ léngth of time a defect has existed will also affect the

ship that inspectors feel they know well, a defect in anProbability of detection. In interviews, inspectors noted
unanticipated location may be overlooked. Furthermore that one of the reasons longer cracks are easier to detect is

as a ship ages and undergoes more loading cycles, fatigL}Bat there has been sufficient time for the crack to open up

cracks will become more common. With more defects in@nd rust to develop.
a wider variety of locations, the chances that an individual

defect will be detected may decrease. The location of a defect undoubtedly has a major impact

on the likelihood that it will be detected, and for two
2122 Cargo reasons. First, there are some locations in the tank that are

The ease with which defects are detected will depend irffifficult to inspect. The underdeck area is an example.

part on the cargo that a tank has carried. Ayyub and Whitéther things being equal, defects in these areas will be
state that - harder to detect, and therefore detected less often, than

defects in other areas. Second, there is the “critical area”
“Fresh water tanks are often the easiest to inspect becausdfect. Experienced inspectors know which parts of a
of the cleanliness of the water and tank...Ballast tanks...arstructure have a history of problems, and are likely to focus
easier to inspect because of their relative cleanlinesstheir attention on these areas. This tendency is supported
Crude oil tanks are often difficult to inspect because, everby the existence of requirements such as the Critical Area
with thorough washing, residue builds up in exactly the Inspection Plan (CAIP) for TAPS tankers. It certainly
locations which need inspection.” (5) makes sense to focus attention on known problem areas.

However, this may mean that defects in “non-critical” or
The affect of cargo on POD is closely related to the qualitysnewiy-critical” areas are less likely to be found.
of cleaning. Again, it is important to call attention to the
difference between the incidence of a defect and theThe number of defects may also affect the probability that
likelihood of detecting that defect. With equivalent pro- a particular defect will be found. A vessel in which an
tection systems, a ballast tank may be more prone tainexpectedly high number of defects are found will prob-
corrosion than a cargo tank. However, because the ballagibly receive an extended inspection, increasing the likeli-
tank is likely to be cleaner, the probability of detecting a hood that any single defect will be found. Furthermore, if

particular defect may be higher in the ballast tank. several defects exist in the same area, the chance that each
will be detected may be improved. An inspector carrying
2.1.2.3 Defects out a visual overview of the tank need only notice one of

Characteristics of defects have a major impact on probyhe defects, and approach the area for a closer look. Upon

ability of detection. In fact, POD is typically expressed asdoing so, the chances of the other defects being noticed
a function of a defect characteristic, most often crackmay pe greatly increased.

length. Relevant defect characteristics include the type of
defect, its size, its age, its location, and the number of2 2 Inspector

existing defects. The inspector can greatly influence its outcome. In other

gndustries, such as aviation, personnel factors have been
found to be the most significant source of variation in
inspection performance, Spencer et al. (7). Performance

Defects are generally classified in three categories: crack
corrosion, and buckling. Different inspection practices
may be better at detecting different types of defects (5).

Because cracks and buckling result from the loading of avaries not only from inspector to inspector, but also from

structure, a priori knowledge of the critical areas maylnspectlon to inspection with the same inspector based on

make the POD somewhat higher for these defects agnental and physical condition. Factors associated with

compared with corrosion. However, no documentation Ofthe inspector include overall experience, experience with
this effect has been found a particular vessel, training, fatigue, and maotivation.

The size of a defect clearly has an impact on POD:; the2-2.1 Overall Experience

larger the defect (by almost any measure), the more likelyExperience is repeatedly mentioned as a critical factor.
itis to be detected. Based on the interviews carried out ag\yyyub and White state that it is the most important of their

part of this study, inspectors feel that the lower length limit personnel factors (5). One inspector interviewed as part
for reliable detection of fractures is 50 mm to 75 mm (two of this study felt that it takes two years of experience to
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become qualified to do inspections. Ayyub and White performance, other factors being equal. The degree of
sound a note of caution, however: fatigue is influenced by the inspector’s physical condition,
by the number of hours worked prior to an inspection, and

“[experience] can be a two-edged sword. Often a New py other physical and emotional demands.
relatively inexperienced inspector will perform a more

detailed and careful inspection precisely because he orshg 2 5 Motivation

has no preconceived notions about where the most likely =
damage will be located.... An experienced inspector mayMotivation affects the performance of nearly every task.

go into an inspection with the knowledge gained from B@S€d On common experience, it seems reasonable to
previous inspections of similar circumstances and be abl@SSUme that motivation is particularly important when
to head directly to one source of structural damage...[but}V0rking conditions are difficult or when a task becomes

may completely miss a type or source of damage which idnonotonous. To some extent, tank inspection encom-
different from previous cases.” (5) passes both of these cases; the inspection environment is

harsh, and, at least in many vessels, there are few defects
The impact of experience is increased by the wide vari-found. However, the effect of motivation on inspection
ation in background of inspectors. Williams and Sharpeperformance is difficult to assess, in large part because
note that “the requirements... vary widely depending onmotivation itself is difficult to assess.
who they work for and who is requiring the inspection”

). A survey by the Coast Guard of its inspectors emphasized
_ ) the effect of human factors, including motivation, on
2.2.2 Experience with Vessel inspection performance (6). Based on field comments,

Several of the inspectors interviewed for this study men-inspection personnel were found to be suffering from
tioned that not only is inspection experience important, butoverload. Many Coast Guard inspectors were working up
that experience with the same vessel or same class ab seventy hours a week in a hard, tiring job. In part
vessel can greatly influence the likelihood of finding a because of the workload, it was difficult to maintain the
defect. This was attributed both to knowing how to get high motivation needed to stay in the inspection program;
around the structure with ease and to knowing where thenany of the young Coast Guard inspectors just wanted to
trouble spots are located. One inspector commented thajet away from the inspection program (6). Even though
knowing the history of the vessel and patterns of deterio-these inspectors may have tried to do a good job on each
ration in details was extremely important, and felt that theinspection, one cannot help but suspect that their perform-
probability detection for an inspector who was “just wan- ance was poorer than it could have been under different
dering around” would be near zero. circumstances.

2.2.3 Training 2.3 Environment
Training also has an impact on performance, though per-

haps to a lesser degree than experience. Ayyub and Whit;ghtla:_enwrojr-]ment has a mr::ljor g]fluence (;)n per(l;c_)rman(;er.]

note that both initial training and periodic refresher train- bn 'gure 2, an attemlpft as ﬁen ma ebto |s(;!?gg|§

ing can reduce the variation in inspection performance (5), etwee_n environmenta factors that cannot be moditied by
inspection procedures and those that can be (or could be

In other industries, classroom training beyond a minimumWwith the right technology). The former are referred to as
level has been shown to have little effect on demonstrate@Xxternal factors; the latter as procedural factors. For some
proficiency in the field, Rummel et al. (8). Furthermore, factors, the appropriate category is not obvisous. An
to be effective, training must be ongoing and extendexample is the classification of weather vs. that of tem-
through the entire career of the inspector. For exampleperature. Because the weather at a particular time and
one aircraft operator has five percent of the inspector forcélace cannot be controlled by those planning the inspec-
in formal training at all times, Shepherd and Parker (9). tion, weather is included as an external factor. Weather

can, however, be predicted, and anticipated weather con-
2.2.4 Fatigue ditions could (and should) be taken into account when
Inspection of tanker structures is a physically demandingscheduling inspections. Nonetheless, weather is included
job. Holzman notes that “the physical nature of the in-as an external factor. Temperature is to large extent a
spector’s job currently requires it to be a younger person’sunction of the weather. However, temperature is in-
profession” (2). In an interview, one inspector noted thatcluded as a procedural factor because steps could be taken
the physical demands of inspection are such that there arguring the inspection to change the temperature in the tank
few people with more than 10 years of experience. Wil-(for example, by blowing cool air into the tank) or to
liams and Sharpe note that “Fatigue is an omnipresentninimize the impact of in-tank temperature on the inspec-
consideration” (1). It seems reasonable to expect thator (for example, by providing the inspector with appro-
inspectors who are fatigued will have a lower level of priately insulated clothing).



Ship Structure Symposium '96

2.3.1 External the way in which the inspection is conducted (access
External factors are the aspects of the inspection environmethod, inspection method, inspection strategy, area in-
ment that are to a large degree outside of the control ofpected, crew support, time available), and the overall
those planning the inspection. External factors includespecifications for the inspection (inspection type and ob-

weather and the location of the vessel. jectives)
2.3.1.1 Weather 2.3.2.1 Lighting
Weather can affect inspection performance. Ayyub andLighting has a significant impact on visual inspections.
White note that The lighting typically available in a tank has been de-
; . . scribed as
Hot, humid weather affects the inspectors by
reducing the amount of time... in a tank, or by “a feast or famine situation, with some bright
making them so uncomfortable that they lights in a few locations and shadows over
might hurry through the inspection. The hu- much of the area. In general, the lighting in a
midity can make climbing tank walls danger- tank does little good other than assisting the
ous because of moisture accumulation. inspector in finding his way through and over
Exceptionally cold weather is no better. the structure framing; the failures must be
Again it can affect the inspector’s desire to found with a flashlight.” (1)
spend the time needed to make a very thor-
ough inspection.” (5) Inspectors interviewed as part of this study and for other

A tank ambient temperature of 35 degree Celsius with.swd'es consistently mention lighting as a critical issue in

95% relative humidity can restrict the effective working !nspeqtlons (.2)’ 3). Current-wcl)rk by the UZS' (_ZoastGuard
. : . . . . investigates improvements in inspection lighting, (4).
time for an inspection to as little as fifteen minutes per

hour, Exxon (10). 2.3.2.2 Cleanliness

Heavy seas can degrade inspection performance to Like lighting, cleanliness of the tank was mentioned by

greater or lesser extent depending on the location of th&€2rly every inspector as critical to the quality of inspec-

vessel during the inspection. Heavy seas make inspect—'on' Tank structures undergoing drydock inspections

tions while underway difficult or impossible. Seas that WYPically receive the most thorough cleaning. Cleaning is
cause roll of five degrees or more preclude safe inspectioff’Portant to enable defects to be seen. Cleaning is also
by rafting. important for reasons of safety: re3|due' can be slippery,
and access for extended periods requires thorough re-
2.3.1.2 Location of Vessel moval of residual oils or mud and maintenance of a
Inspections can be carried out in drydock, at dockside, agas-free environment.
anchorage, or while underway. Underway inspections
present the most physically challenging environment dueWVilliams and Sharpe note that
to the motion of the ship and slipperiness of the surface
(epoxy coatings in ballast tanks; oil in cargo tanks).
Poorer levels of cleanliness (silty mud in ballast tanks and
crude oil in cargo tanks) and lighting add to the difficulty.
Despite these problems, inspectors interviewed felt it was
possible while underway to detect 85-90% of the fractures
which would be found in a shipyard.

“[T]he degree of cleanliness is highly vari-

able. Sometimes the cleaning leaves a layer

of sludge on the bottom of the tanks that

makes finding cracks on the bottom very diffi-

cult. In those cases the inspector can either re-
quire the tank to be cleaned further, causing

delays, or do the best he or she can with the

The probability of detection is increased in the shipyard  given conditions.” (1)

due to better access, to better lighting, and to the tanks

being dry A|th0ugh one inspector estimated that re_ln general, inSpection will be easier and defects more
stricted access, tank size, and the limited staging used fdieadily found in a clean tank. However, one inspector
repairs resulted in the detection of as few as 50-60% ofioted that cleaning can remove rust marks that help draw
existing cracks during a shipyard inspection, others feefttention to a defect.

that th t detected i h higher. -
at the percent detecied Is much higher 2.3.2.3 Temperature and Humidity

2.3.2 Procedural Weather conditions and poor ventilation can cause ex-
Procedural factors are those which are to a large extertreme temperatures in the tank. As noted above, an in-tank
under the control of those planning the inspection. Proceambient temperature of 35 degree Celsius with 95% rela-
dural factors reflect the condition of the tank during in- tive humidity can restrict the effective working time for
spection (lighting, cleanliness, temperature, ventilation),an inspection to as little as fifteen minutes per hour (10).
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Even under less harsh conditions, temperatures outside th2. 3 2.7 Inspection Strategy

optimal comfort range can accelerate inspector fatigue. Inspection strategy refers to the extent to which the inspec-
. tion is guided by previous information about problem

2.3.2.4 V_er_‘t'lat'on i _ i areas. Inspectors report that they are guided by experience

Proper ventilation Of_ the tank_ is essential for_ INSPECLOr itk similar vessels and knowledge of previously existing

safety. Half-mask filter respirators are required when problem areas. Essentially, the strategy used is look where

benzene levels are above an acceptable level (2). Th ou expect there to be problems. The Critical Area In-

forced air ﬂow necessary to create adequate ve.n'tllatlo pection Plan (CAIP) promotes this inspection strategy.
can result in noise levels in excess of 85 dB, requiring the

use of ear plugs (2). Itis reasonable to expect it may hav@s noted above, the look where you expect there to be
an influence on performance, both directly and indirectly problems strategy can be beneficial, but can also mean that
through the resulting requirements for respirators and eaunanticipated defects are less likely to be detected. An

plugs. alternative would be to apply equal attention to all regions
of atank. With currentinspection techniques and resource
2.3.2.5 Access Method constraints, this approach does not seem as fruitful. If

Access is a critical factor in inpsections; it is difficult to more were known about critical areas and the growth of
detect a flaw of modest size from afar. The most cOmmOry o ots and if improved technologies allowed selected

means of access are walking the bottom, temporary Sta%3reas of a structure to be monitored automatically, a third

g, rafting, and climbing. Access can also be aCCOf‘n'approach might be possible: monitor critical areas, but
plished through suspended platforms, permanent staglnqnspect all areas

mountaineering-like cable arrangements, remotely oper-

ated devices, divers, or other means. The primary accesst present, the inspector’s experience and the existence of
method used by U.S. Coast Guard inspectors is bottona CAIP are the only available indicators of inspection
walking (90%), with limited use of staging (8%) and strategy. The effect of inspector’'s experience on POD is
rafting (2%) (3). Commercial and class society inspectorsdiscussed in Section xxx. No reliable information exists
make much greater use of staging, rafting, and alternativeyn the impact of a CAIP on POD.

methods. Each method has benefits and drawbacks; the

“best” is the one which allows closest access given con2.3.2.8 Area to be Inspected

straints on time, cost, and safety. A summary of advanrobability of detection will be different in different por-

tages and disadvantages of various access methods can #ns of avessel. For example, itis generally accepted that
found in (2). one of the most difficult areas to inspect is the underdeck

away from the bulkheads. The “area to be inspected” is
The effect of access on probability of detection wasclosely related to other environmental factors (access
summed up by one inspector interviewed for this study asmethod, and inspection type, method, and strategy) and to
“the closer the better”. There is an obvious interactionvessel factors (structural layout and defect location).
between the method of access and the location of the defect

in their impact on probability of detection. 2.3.2.9 Crew Support
Support from the crew of the vessel is essential in an
2.3.2.6 Inspection Method inspection. The crew is responsible for overall safety, for

Visual inspection followed by ultrasonic gauging is the maintaining vessel operations compatible with inspection,
predominant means of tanker inspection. Other ap-for cleaning the tank, and for ventilation. The crew may
proaches, such as the use of video cameras, ROVS, classitso provide lighting and the means of access. A suppor-
cal NDT methods, infrared thermography, vibration tive crew should have a positive impact on POD.

testing, and acoustic emissions have been proposed and in

some cases used on an experimental basis (2), (3), (4). 8-3.2.10 Time Available

one recent unpublished study carried out by an ownerA recent survey of U.S. Coast Guard inspectors found that
organization, the results of a visual inspection carried outthe time available for inspection has a major impact on
while rafting were compared with the results of a magneticPerformance:

particle inspection of particular structural details carried
out in drydock. Conversations with those involved indi-
cated that the visual inspection while underway found
roughly 60% of the defects detected in the drydock inspec-
tion and also several defects that were not detected in
drydock. Although it is reasonable to expect that other oyyyh and White note that

methods will yield PODs different from the POD currently

provided by visual inspection, the impact of these experi- “[the] time planned for the inspection and the
mental methods is not yet known. number of inspections planed for a specific

“As a general rule, inspectors felt that more
time, rather than better equipment, would re-
sult in the greatest improvement in inspection
effectiveness...” (3)
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day can dramatically affect the results of the 3. Case Study

inspection. Current practice is to allow the in- As part of an ongoing study of the inspection in marine
spectors to determine the amount of time structures, several approaches for obtaining performance
needed for any given inspection, but often information have identified, Demsetz et al. (11). The case
they are forced into limiting the time due to study presented here uses one of these approaches, bench-
scheduling of the number of inspections in a marked inspection data, in which the results of inspections
given time period.” (5) performed underway are compared with the results of

drydock inspections carried out a short time thereafter.
Inspectors interviewed for this study noted that in inspec-The drydock inspection is assumed to be more thorough
tions done by regulatory bodies such as the U.S. Coasiind therefore a better approximation to the true state of the
Guard, the inspector has the ability to hold a ship if thevessel, and serves as “benchmark” against which the un-
scheduled time does not allow for an adequate inspectiorderway inspection is compared. A more detailed descrip-
However, this is rarely done. Overall, inspectors felt that,tion of the advantages and disadvantages of benchmarked
while the time available would affect performance, currentinspection data compared with other means of evaluating
practice provided sufficient time in most cases. WhenPOD can be found in (11).
time is limited, the attitude was “do the best you can”.

By comparing an underway inspection with a drydock
2.3.2.11 Inspection Type and Objectives inspection of the same ship that occurs a short time there—

after, the Vessel Factors are held nearly constant. Differ-
Classification societies, regulatory agencies, andences ininspection performance are therefore attributed to
owner/operators each carry out inspections. Because thispector and Environment factors.
objectives of each organization’s inspection are different,
the procedures required are different, and the inspectors- 1 Background
themselves are different, it is reasonable to expect thaf WO Sister ships belonging to the same owner form the
different defects may be detected during each type off@Sis of the case study. This owner typically uses a
inspection, and that POD will be different for different COmMmercial inspection service to carry out an underway
types of inspection. For example, prior to scheduled repaif"SPection several months before a ship goes in to the yard
in the shipyard, an owner/operator may conduct an underiOF répair work to determine the approximate scope of
way inspection to determine the approximate scope 0frepalr'W(')rlf. An addltlopal inspection is carried out'whlle
repair work so that budget and schedule can be pIanned.he ship is in yard to define the exact scope of repair WO'I’k.
This sort of inspection would be considered successful if!N the case study presented here, the results of inspections
areas needing repair were identified. It is not necessary iff2'Tied out in the yard are used as a benchmark against
this type of inspection to detect every defect; the tanks willVhich the results of previous underway inspections are
be reinspected in the shipyard under better conditions. compared.

The case study is based on six inspections: an underway
2.4 Summary inspection of Ship A carried out in November, 1986; a
hipyard inspection of Ship A carried out in April/May
987; an underway inspection of Ship B carried out in May
1987; a shipyard inspection of Ship B carried out in

The sections above present a model of the factors affectin
inspection performance and what is currently known

about the impact of each factor. The available information ber/N ber 1987- d . ion of Shi
on POD is qualitative at best. Based on this informationOctober/November 1987; an underway inspection of Ship

and on the authors' experience, the following factors B carried out in 1990; and a shipyard inspection of ship B

appear to have the greatest impact on performance. Of th‘éarrIeOI OL,H l”? 1990. The !nhszi;:tlons were ca.rrled odut.by
vessel factors, structural details, the age of the vessel, angPmmercia |rllspde(?torrs], wit ' di grent companies and In-
factors related to the defect itself appear to be most impor-SpeCtorS involved in the various inspections.

tant. Of the inspector factors, experience with the vesseiryg configuration of the ships is summarized in Figures 2

appears most important. Of the environmental factors,;nq 3. Figure 2 shows the general arrangement and tank
cleanliness, access, time available, and inspection type/olgcations. Each ship has six center cargo tanks and four
Jective appear most important. wing cargo tanks on port and starboard. Wing tanks 3 and

. ) ) 5 are water ballast tanks. The midship section is shown in
Over time data may be gathered that will allow the impactgigyre 3. The ships are of standard single-hull construc-
of at least some of these factors to be evaluated morgon with two tie beams across the wing tanks.

precisely. The focus should be on the factors that have the

greatest impact on POD, and that can be controlled (or aB.2 Data Acquisition

least measured). The next section describes one sucBurvey reports from the six inspections listed above were
effort. reviewed. Cracks were the only type of defect considered
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in this study. For tanks with a sufficient number of cracks, sufficient length to threaten the structure or to allow oil to
individual cracks were recorded by length and locationseep out of the cargo tanks. Second, experience with a
(frame number, longitudinal number, general location — sister ship (Ship A) was used to help guide the subsequent
e.g., side shell, longitudinal bulkhead, web frame). Addi- inspection of Ship B. Third, the underway inspection of
tional information was provided by an owner repre- Ship B was carried out with the purpose of determining
sentative knowledgeable of the history of both ships andwhether conditions similar to Ship A existed. Knowing
of the specific inspections involved. This information this, an inspector running out of time might not inspect L8,
provided an essential perspective from which to interpretL9, L14, L15 at each web frame, but might instead try to
the data. get a general sense of whether or not the cracking problem

. was present.
3.3 Data Analysis: General

The general analysis presented here is derived primarih3.4 Data Analysis: Specific
from discussions with a representative of the owner. ItisTo compare the underway and drydock inspections in
supported by the inspection reports and by the detailednore detail, bBenchmarked" inspection plots comparing
analysis presented in the next section. underway and drydock inspections were developed. Se-
. ) . lected results are presented in Figures 4-6; a complete set
In the November 1986 underway inspection of Ship A, the 5¢ henchmarked plots can be found in (11). In each figure,
owner was interested in the condition of the coatings, butya s are plotted against axes representing position along
also in sideshell cracks. Based on prior knowledge of th&lhe length of the ship, as indicated by web frame number
structure and loads, there was concern that side shel,,,qnta| axis), and height from the tank bottom, as
cracks might form at L9, L8, and higher. The inspection iy, jicated by longitudinal number (vertical axis). Figure 4
was carried out in rainy \_/veathe.r and under con&derablecornpares the underway and drydock results for the 1987
time pressure; planned inspections of Tanks SP/S werg,qhetions of Ship B; cracks along the port longitudinal
canceled. Tanks 3P and 3S were inspected down 10 LY, ihead are shown in Figure 4a, cracks along the port

no side shell cracks were noted. However, notes from thejye shell are shown in Figure 4b. Figure 5 shows similar

inspection indicate that there was a significant amount ofrasults for the 1990 inspections of Ship B. Figure 6 again
mud at L8 and L9 and also at L14 and L15.

shows the 1987 port longitudinal bulkhead. Figure 6a
A drydock inspection of Ship A was carried out in April repeats Figure 4a; Figure 6b shows only those cracks with

and May of 1987, and revealed sideshell cracks along th&n9th>= 100mm.

length of the ship at the locations where the tie beams mee . . L
thegside shell anF:j longitudinal bulkhead: L8, L9, L14 andA quick glance at Figure 4 indicates that roughly half the

L15. Cracking was most significant in Tanks 3, 5, and 67cHracks detgtcted Ilr(]j dt:ydoc_klwedrg aI?o reporlte(;j u;’nhd?r\;\r/]ay.
but was seen in Tanks 1, 2, and 4 as well. owever, it would be misieading 1o conclude that the

observed detection rate is indicative of probability of

The results of the drydock inspection of Ship A were a detection for tankers in general, or even for this particular
surprise, given that no fractures in Tanks 3P/S at L8 andFlass of ship. A primary motivation for the underway
L9 had been found in the underway inspection. The owneihspection was to determine whether the repeated cracking
immediately scheduled an underway inspection of Ship B,S€en in Ship A at L8, L9, L14, and L15 was also present
with instructions to pay particular attention to possible in Ship B. To do this required only that a general sense of
cracking in the side shell and longitudinal bulkhead at L8, condition at the locations in question be obtained. In Tank
L9, L14, and L15. Progress reports during the underway3 P the underway inspection found cracks at L8, L9, L14,
inspection indicated in Tanks 3 P/S a condition similar toand L15 for roughly half the web frames, enough to
that seen in Ship A’s drydock inspection, but with fewer conclude that a problem similar to that seen in Ship A

cracks at L14 and L15. In Tanks 5 P/S, similar crackingeXisted. This conclusion would not have changed even if
was found at L8 and L9; at the time of the progress reportthe cracks at the other half of the web frames had also been

L14 and L15 had not been inspected. detected underway. It is impossible to know to what
extent this affected POD.

Underway and drydock inspections of Ship B in 1990

showed no significant cracking at L8, L9, L14, or L15. In the 1987 inspections three types of performance can be

This may indicate that repairs made during the 19870bserved through the benchmarked plots: good, fair, and

drydocking to solve the cracking problem at L8, L9, L14, poor. Examples of each type of performance are shown

and L15 were successful. in Figure 4.

The general analysis yields several observations. First,the Good Performance There are regions, such as
inspection process worked as it is intended to. Thatis, the longitudinal bulkheads in Tank 5P, where
cracks in both ships were detected before they were of  nearly all the cracks found in drydock were
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also detected underway (see Figure 4a). This
indicates that at least under certain conditions
(in this case, with knowledge of what had re-
cently been found in a sister ship), POD for
tanker inspection can be quite good.

factors that can vary within a tank, such as access, clean-
liness, and lighting, play an important role. In addition,
the objectives of the inspection may have caused the
inspector’s performance to vary within a tank.

The results of the case study show that detection rates
were, on average, higher for longer length cracks. In the
interviews described earlier in this report, inspectors indi-
cated that a 50 to 75 mm crack could be reliably detected.
For the inspections reviewed here, this was not the case;
high rates of detection were seen only for cracks greater
than 100 mm in length. This may in part be due to the
specific conditions of the case study.

Fair Performance In regions such as the side
shells in Tanks 3P and 2P, performance is fair
(see Figure 4b). Some cracks are detected,
but others are missed. For cracks at L8, L9,
L14, or L15, it is possible that mixed perform-
ance reflects a decision by the inspector(s) to
inspect more quickly once cracks had been
seen at several web frames.

4. Summary and Conclusions

Knowledge of how likely it is that a flaw will be found
during an inspection, that is, the probability of detection,
is important for many reasons: as feedback to design, to
provide guidance in setting inspection schedules, and as a
common ground upon which to compare different inspec-
Figure 5 shows that by 1990, the problem observed at L8tion technologies. The first step in determining prob-
L9, L14, and L15 in 1987 has not reoccurred (although aability of detection is to understand the underlying factors
few cracks were reported at L8 and L9). With respect tothat have an effect on inspection. Based on a review of
detection rate, the 1990 inspections show an interestinghe literature and interviews with inspectors and others
result. In both port and starboard tanks, very good per-inVO|Ved in the tank inspection process, a model of the
formance is observed along the longitudinal bulkhead.factors that can influence probability of detection was
However, performance along the side shell is poor, Withdeveloped. The model classifies factors based on the
no cracks being detected underway in either the port oextentto which they can be modified throughout a vessel's
starboard tanks. There is no ready explanation for thidife.

difference.

Poor Performance There are also regions,
such as the upper portions (L9 and above) of
Tank 4P, where no cracks were found under-
way (see Figure 4b). It may be that there was
no opportunity to raft at this level.

A case study showed the import influence that prior
A rough indication of the effect of crack length on detec- knowledge of a vessel and sister ships can have on inspec-
tion rate can be seen by comparing parts a and b in Figurgon performance. Inspection performance was observed
6. The detection rate is higher, for cracks with length >to vary greatly in different locations within the same
100 mm than it is for all cracks. vessel, indicating the importance of factors such as access,

lighting, and cleanliness that can vary throughout a tank
3.5 Results o _ or a ship, and the importance of inspection objectives.
Taken as a whole, the case study highlights the importangrthermore, the limited results presented suggest that the
influence of prior knowledge on inspection performance. «eaily detected” crack size is larger than that estimated

The underway inspection of Ship A, carried out without 1, ot inspectors, a result consistent with the literature
prior knowledge (though with some suspicion) of the o hropability of detection in other industries.
problemsat L8, L9, L14, and L15, found no cracks at these
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Ship B 1987 Inspections, Port Side Shell Cracks
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Figure 6a
Ship B 1987 Inpsections, Port Longitudinal Bulkhead Cracks
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Figure 6b
Ship B 1987 Inspections, Port Longitudinal Bulkhead Cracks = 100 mm
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