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1 INTRODUCTION

Ship structures are designed by applying Classification
Societies” rules which are setting safety standards ex-
pressed e.g. by permissible stress levels and safety
factors. These stress levels and safety factors imply
margins against e.g. yielding and buckling. Fatigue
strength considerations may further limit stress levels.

Corrosion wastage is to be considered as an inevitable
ageing process of the steel hull exposed to a corrosive
environment. In order to avoid and undue increase of
working stresses above the permissible ones, or vice
versa, and undue decrease of safety margins, and in order
to avoid steel renewal at unreasonably short intervals
corrosion additions are required. This is done in different
ways by the various Classification Societies:

- Some societies are requiring specified thickness and
modulus additions to be added to calculated plate
thicknesses and section moduli;

- Some socleties have the corrosion additions incorporat-
ed in the permissible stresses;

- Some societies are using a system which is a combina-
tion of both.

2 PRESENT PRACTICE FOR PERMISSIBLE
CORROSION WASTAGE ALLOWANCES

Most Classification Societies do not have permissible
corrosion wastage allowances specified in their rules.
In most cases guidance is given to the surveyor on a
percentage basis. This important subject is treated in
this manner because a significant amount of engineering
judgement is required to decide on whether the structure
has to be renewed or may remain in place. Such judgement
requires inter alia knowledge of the stressing of the
structure, possible consequences of a failure of that
structure, kind of stee! (mild steel, HT-steel), etc. The
correct judgement of the corrosion itself, e.g. whether
pitting corrosion or an overall or an overall thickness
reduction prevails, is also of importance.

In principle, the present practice on corrosion wastage
allowances for tanker structures is reflected best in Table
1 of the Tanker Structure Cooperative Forum's Guidance
Manual (" which is quoted below.

Guidance for the permissible corrosion wastage allowance
for the longitudinal hull structure is given by the 1ACS-
Unified Requirement S 7 which states that the minimum
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midship section modulus in the corroded condition shall
not be less than 90% of the modulus required for a
newbuild ship. In certain cases, however, a higher midship
section modulus may be applicable because of the
assigned value of the still water bending moment.
Generally, however, this 90%-requirement applies also to
such higher midship section moduli.

For general guidance in these cases, the average accept-
able reduction of area at both deck and bottom will
normally be between 10% and 17% (1),

Notwithstanding the above, actual wastage allowances
vary between the Classification Societies due to different
design criteria and design margins which are derived from
their past experience — more empirical than scientific.

3 RESIDUAL STRENGTH OF CORROSION
STRUCTURES

An internal study of Germanischer Lloyd @ carried out in
1988, which is based on GL’s rule requirements may be
summarized as outlined in 3.1 — 3.5 below. It should be
noted that the safety margins specified in 3,1 - 3.3. shall
be understood such that buckling is not the governing
failure mode, i.e. that yielding is the limiting factor, This
corresponds in principle with Table 1 of the Forum’s
Guidance Manual, where the corrosion loss indicator in
cols. A and B does not consider buckling.

However, buckling in the corroded state has to be investi-
gated for the hull girder and for local structures.
Specifically for high-web girders buckling is normally the
limiting criteria. This may lead to smaller safety margins as
those given below depending on the individual structure
(See also 3.5).

3.1 Longitudinal Strength

When due to corrosion of longitudinal hull material the
midship section modulus is reduced by 10%, a sufficient
safety margin to the yield stress remains, According to the
IACS-Unified Requirement S 11 the maximum allowable
hull girder bending stress is o = 175/k [N/mm?]. If this
stress is increased by 10% say up to 195/k [N/mm?], the
remaining safety margin to the yield stress is:

ReH/oL = 1.20 for mild steel and

Ren/aL = 1.31 for HT 36 steel,
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The remaining safety margin to the ultimate strength
(collapse due to longitudinal bending) is in the order of
1.6 - 1.8.

3.2 Bottom Plating and Bottom Longitudinals

The bottom plating is subjected to both hull girder bending
stresses and stresses due to extemal water pressure.
The safety margin to the ultimate strength (formation of
plastic hinges in the plating) when assuming a 25%
thickness reduction has been estimated to approxi-
mately:

1.1 for mild steel, and

1.25 for HT 36 steel.

The relevant safety margins for bottom longitudinals which
are stressed in the same way as the bottom plating have
been estimated to approximately:

1.2 for mild steel, and

1.35 for HT 36 steel.

The relevant safety margins for inner bottom iongitudinals
are approximately:

1.3 for mild steel, and

1.5 for HT 36 steel.

The above safety margins largely depend on the assumed
longitudinal hull girder bending stress o acting at the
bottom. The above figures are based on the following
assumed stress values in the corroded condition:

o | = 150/ [N/mm?] for the bottom

6 | = 135/k [N/mm?] for the inner bottom
where

for mild steel
for HT 36-steel

k =1.00
k =0.72

Table 1 — TSCF - Guidelines for Corrosion Wastage

% Corrosion (1) Buckling Guidelines
Structural Component Loss Indicator (Longitudinal Framing)
A(2) B (3) Mild Steel HTS 36
Deck and bottom plating and longitudinal girders 10 25 s/t =55t060 | sit =491052
Webs of deck and bottom longitudinals 15 30 ht =50t0 65 | h/t =451t055
Flat bar longitudinal at deck and bottom (4) 10 25 ht=15t020 |hA=15t017
Face plates and flanges of longitudinal girders 15 25 b/t =10 b/t =10
Side sheil - 20 (5)
Longitudinal bulkhead plating 15 25 sh=70t075 |st=601t079
Webs of side shell and longitudinal bulkhead longitudinals - 25 (5) (5)
g:rr:;;/:esrse bulkhead structure, transverses and side 15 o5 6) 6)
Remaining secondary structure - 30 - -

Notes

1) Percentages are to be applied to original Rule thick-
nesses without corrosion allowance reductions for
corrosion control notation.

2) Column A refers to percentage reductions above which
further assessment is required.

3) Column B refers to percentage reductions where steel
renewals may be required.,

4) The deck and bottom plating and associated longitudi-
nals are to include side and longitudinal bulkhead
plating and associated longitudinals within 10% of the
depth of ship from the deck and bottom respectively.

5) No buckling guidelines are given as the components

are not usually limited by this.

6) Due to the wide variation in stress levels and stiffening
arrangements, no general guidance figure can be given.
Individual guidance should be sought from the Classifi-
cation Society concerned.

Definitions

t = thickness of structure after corrosion

s = spacing between longitudinal stiffeners

h = web depth of longitudinal stiffeners

b = half-breadth of flange for symmetrical sections, and

the flange breadth for asymmetrical sections.
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3.3 Stiffeners and Girders not Subjected to
Longitudinal Hull Girder Bending

Stiffeners and girders are normally designed applying a
safety factor against yield stress. With a 25% thickness
reduction the yield stress will be reached or slightly
exceeded, Depending on boundary conditions and on the
shape of girder or stiffener, the safety margin related to the
ulimate strength is in the order of 1.2,

3.4 Transverse Bulkhead Plating

Due to the membrane effect, plating of stiffened bulkheads
reduced by 25% due to corrosion is expected to withstand
the design pressure without failure. Smaller figures may
apply to corrugated bulkheads, however, this was not
investigated.

3.5 Buckling Strength

Loads on tanker structures vary with the loading or ballast
condition. Hull structures mainly exposed totensile stresses
in the loaded condition are exposedto compressive stresses
in the ballast condition or vice versa.

Consideration of buckling strength of comroded structures
is, therefore, of utmost importance, having thereby in
mind that the ideal buckling stress (Euler stress) varies
with the second power of the thickness-breadth-ratio of a
plate panel, i.e. a 10% thickness reduction causes a 21%
reduction in Euler stress. The Forum has addressed this
important item in its guidelines for comosion wastage
allowances, see Table 1 in Section 2.

This matter becomes even more important when higher
tensile steel is applied due to reduced thickness and
higher allowable stress levels. Figure 1 shows buckling
relations indicating the influence of thickness reduction
and increase in stress level due to corrosion. it can be
seen that the limits are reached much earfier for structures
made of higher tensile steels than for those made of mild
steel. It is therefore of importance to consider also the
buckling strength of structures in the corroded state, i.e.
for thicknesses reduced by corrosion allowances in order
to avoid buckling failure before steel renewal is required.

[of .
crif — 4
Ocrt et~ Ocni

b/t = 50

I o
| ||
! N
07 l b
| | [ :
Ocrr = Critical buckling siress ( newbuilding state) 5 1o :n .o: —] ;: l © W -
0.6- Ocry = Critical buckling stress ( corroded state ) olNhg & > 7l | @ %l s |
0, = actual stress ( newbuilding state ) EigEiE EI2 2 I L EI - |
O, = actual siress ( corroded slate =izflz =l = =iz = =
s ( ) E[E|EEE 51{5 5{ £
O'q T T l l T l T T }
0 5 10 15 20 25
line a - g&' -10 thickness reduchion %]
a
line b g& = 1.1

line ¢ : 0, increases proportional to thickness reduction

Buckling Relations For Long. Stiffened Plate

Figure 1

Fig. 1




[image: image4.png]This is the present practice of most Classification Societies
and is reflected in a relevant draft unified requirement
presently under consideration within IACS. It should be
mentioned that the ultimate strength is normally above the
critical buckling stress of plate panels due to reserves in
the post-buckling behaviour of the structure.

3.6 Fatigue Strength

Factors attributed to corrosion which may have adverse
effects on the fatigue life of structures are:

- the corrosive environment
- the increasing stress level due to reduced scantlings.

Best countermeasure against both factors is a careful
corrosion protection. If no corrosion protection is applied
the permissible stress ranges should be suitably reduced.
As the ballast tanks of newbuild tankers are required to be
coated, no reductions in permissible stress ranges for
structures in ballast tanks are deemed necessary. This
conclusion applies also to cargo tanks as the corrosion
rates are normally small in cargo tanks.

The effect os stress increase on the fatigue life due to
gradually reduced scantiings cannot be easily determined.
The effect is assumed to be relatively small because a
significant stress increase takes place only at the end of
the service life. Subject to results of ongoing research
work on this subject, it is assumed that this effect is
covered by the relatively large safety margins in permissible
stress ranges.

4 CORROSION RATES
4.1 In-Service Cormrosion Studies

The Tanker Structure Cooperative Forum initiated a pro-
gram in 1988 to study “in-service™ corrosion trends. The
aim of this study was:

- to determine the corrosion rate of various components
of internal structure and to provide a better understand-
ing of corrosion problems that the industry had experi-
enced in the past and still has to deal with continuously,

- to provide comparative information on steel renewal in
relation to corrosion control systems, types of tanks
and age of tankers,

For this purpose, corrosion data was collected from the
Forum members, representing the empirical information
that their tankers had experienced in real environments in
the past three decads., Specific results of these studies
are taken from @),

Analysis of the foregoing studies has shown that, depend-
ing on the function and location in the tank, some structural
components are more susceptible to corrosion than
others, particularly with respect to the topside of horizontal
surfaces and the underside of deckhead structures.

Accelerated/decelerated corrosion phenomena and high
in-service corrosion rates were also identified in this study.

In this paper only the results for segregated ballast tanks
and cargo tanks are utilized because future newbuild
tankers, normally double hull ships, will have a clear
segregation between cargo and ballast tanks.

The following are the principal features of corrosion identifi-
ed for segregated ballast tanks and crude oil cargo tanks.

Segregated ballast tanks

a) Necking effect: Necking occurs in the longitudinal
plating and longitudinals. The deflection of plating and
longidutinals due to reserve, cyclic loading from cargo
oil and water ballast plus the accumulated mixtures of
water, mud and scale at their junctures, accelerates the
corrosion rate (see Figures 2 and 3).

—

Fig. 2 - Typical corroded section showing
the necking effect.

i

In the uncoated water ballast tanks, the longitudinals are
the most affected. In the coated water balast tanks, the
plating is the principally affected area due to local
corrosion in way of coating failure.

b) Age effect Corrosion reduces not only the strength
capability but also the stiffness (to resist the deflection)
of the structural components as corrosion progresses
during tanker ageing. The deflection tends to crack the
hard scale formation on the steel surface and to
expose the fresh steel to the water. Since the loading
on corroded structural components remains unchang-
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becomes larger and the corrosion rate accelerates
(see Fig. 3).
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¢) The fongitudinal bulkhead vertical transverse and the
horizontal cross ties in the web frames are subjected to
higher shear stress and have a higher corrosion rate in
the uncoated water ballast tanks (see Fig. 4).
d) The anodes in the uncoated water ballast tanks only
provide cathodic protection during the ballast voyage,
i.e. when immersed. However, the adverse effect is
that the anode deposit tends to soften the scale and
accelerates the corrosion (see Fig. 5). This adverse
effect cannot occur in newbuild tankers because all
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water ballasi tanks will be required to be coated. It is
the present practice of some owners to fit a supple-
mentary anode system in addition to coating. When this
Is the case, it is important to consider the type of primer
used, the removed of millscale and the rating of the
anode system in order to avoid damage to the coating.

€

=

High humidity air causes atmospheric corrosion and
prolonged cargo loaded voyages accelerate the
corrosion rate.

Cargo tanks

Residual water settling out from cargo oil can cause the
pitting and grooving corrosion in the upper surface of
horizontal structural components particularly on the bottom
shell plating at the aft end of tanks where water accumu-
lates due to the ship’s normal timming by the stern, In
cases where the bottom shell plating has been protected
with an epoxy coating, local breakdown of this barrier
coating can lead to accelerated pitting corrosion where
residual water has been lying. The corrosion rate is almost
negligible in most other structural components.

4.2 Summary of Corrosion Rates (millimetre per year)

The following general summary may be made from the
Forum’s study®, For simplicity reasons, rough mean
values have been formed from the values given in the
Tables 1.1, and 1.4 of that study.
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deck plating :0.3
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effect in the web)
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4.2.2 Crude oll cargo tanks

The corrosion rate does not exceed 0.1 mm per year. Only
in the bottom shell plating pits or grooves have been
formed with a rate of 1.0 - 2,0 mm per year.

5 PROPOSED CORROSION ADDITIONS AND
WASTAGE ALLOWANCES

5.1 General Considerations

As outlined in Section 3 an average thickness reduction of
25% (corrosion wastage allowance) will generally not lead
to structural failure except when buckling is the govering
failure mode. In this case smaller corrosion wastage
allowances apply, e.g. 10 to 15%. In modern tanker struc-
tures the thicknesses range approximately between 11 -
25 mm. The tolerable thickness reduction (corrosion
wastage allowance) based on the 25% figure is therefore -
3 - 6 mm and based on the 10 to 15% figure about 1 — 3.5

mm, Corrosion additions cannot cover the entire corrosion
expected for the ship’s life time of abt. 20 years and they
cannot be solely based on maximum corrosion rates
which include e.g. the necking effect because this would
lead to corrosion additions which may be larger than the
calculated thickness itself. Approximately two class
periods (10 years) should be sustained without steel
renewal,

The principles of corrosion addition and corrosion wastage
allowance are shown in Fig. 6.
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Although the IACS-Unified Requirement Z 8 requires all
salt water ballast tanks having boundaries formed by the
hull envelope to be coated (i.e. all ballast tanks of double
hull tankers) no credit has been given to the coating,
because this may fail as experience shows. It should also
be noted that initial thickness reductions due to a corrosion
control notation are not granted any more by Classification
Societies.

It should also be noted that the proposed concept of fixed
corrosion additions can be uniformly realized only if all
Classification Societies would have the same standards,
which is presently not the case. However, rule harmoniza-
tion is proceeding within IACS.

5.2 Proposed Corrosion Additions t.

5.2.1 For segregated ballast tanks the corrosion additions,
tc should be as given in Table 2,
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Corrosion
Structural Member Additions t; [mm]
deck plating 20
, 3.0 (toweb) !
deck longitudinals 2,0 (to flange)
side shell and side shell 20
longitudinals 1.5 m below deck
elsewhere 1.5
bottomn shell plating 1.5
double bottom internals
(longitudinals, longitudinals 1.5
girders, transverses)
long. bulkhead plating strake
deck 3.0
elsewhere 2.0
. 3.0 (to web)

long. bulkhead stiffeners 2.0 (to flange)
transverse web frames

web of deck transverses | 3.0

otherwise 2.0
transverse bulkhead structures | 2.0
swash bulkhead structures 2.0

Note: Deck longitudinals are recommended to have a
web thickness close to the deck thickness. It is
reconized that this can easily be achieved when flat
bars are used as deck longitudinals, but may cause
problems when, as an example, angle sections are
applied. The intent is to indicate that a deck thick-
ness of e. g. 20.0 mm in combination with angle
sections of 12,0 mm web thickness is not an ideal
solution from the corrosion point of view.

Figures 7 - 9 graphically show the distribution of plate
thickness readings for selected plate thickness utilized in
the vessels’ construction. It can be seen that for all plate
sizes the average reading is down. Most disturbing with
this trend is that the higher loss areas in relation to original
thickness were recorded in the plating at the top of the
tanks, 12 to 14 mm in thickness. These plates are down
approximately 1.75 to 2.25% of the design thickness.

The graphs show the general trend in the gauging readings.
Some of the readings were expected to be down from the
design thickness, however, it was really not expected that
the vast majority would be down.

Comparing the readings to Class requirements as set out
in Table 5, 9% of gauging taken are at tolerance or in
excess. It can also be said that the majority of the read-
ings (91%) could be considered “acceptable”, i.e. are
within the permissible tolerance limits,

According to international standards and to some Classifi-
cation Societies’ rules the following rolling tolerances
presently apply:

Table 4 — Steel Rolling Tolerances

Permissible Deviation
Nominal from Nominal
Thickness Thickness
[mm] [mm]
from | tolessthan | Class A Class B
8.0 15.0 -0.5
15.0 25.0 -0.6 -03
25.0 40,0 -0.8
40.0 and above -1.0

5.2.2 Within cargo tanks the corrosion addition tc should
be 2.0 mm for the tank bottom and 1.5 mm for all
other structures. For structures forming boundaries
of segregated ballast tanks and cargo tanks the
more severe requirement applies.

5.3 Proposed Corrosion Wastage Allowance

The tolerable overall thickness reduction due to corrosion
and wastage should generally be 0.25 - t, where t is the
required rule thickness (including corrosion addition tc)
for the newbuild ship. Localized larger reductions due to
grooves and pits may be accepted.

Smaller overall thickness reductions apply if buckling
criteria determine the thickness. In this case the tolerable
overall thickness reduction is generally the corrosion
addition t¢. Also the buckling guidelines given in Table 1 of
the Guidance Manual () may be used. Further limitations
apply for longitudinal hull structural elements in order to
maintain the minimum hull girder longitudinal strength of
90% of the original value.

6 STEEL ROLLING TOLERANCES

Within the Tanker Structure Cooperative Forum the prob-
lem of steel rolling tolerances was discussed . In a
series of newbuild vessels less than one year old thick-
ness measurements were carried out. *It is significant to

Table 3 - Loss [mm] as Percentage of Total Readings

Vessel -0.5and -04 -03 -02 | -01 0.0 +0.1and
over over
SUEZ MAX | 4% 9% 25% 21% 15% 19% %
SUEZ MAX I N 3% 6% 17% 26% 16% 18% 14%
VLCC 8% 10% 15% 20% 17% 14% 16%
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note”, the report says, “that the results of gauging on all
vessels did show that the majority of all readings were
down from original thicknesses, up to 0.4.to 0.5 mm with
an average loss of 0.2 mm. These losses are a direct
result of rolling tolerances as the structure in the cargo
tank was still covered with shop primer. The same trend of
losses were also recorded in the ballast tanks which were
fully coated.”

Owners express their concern about this fact because the
lifetime of ships is directly affected when the corrosion
additions are already reduced in the newbuilding state by
utiizing permissible minus tolerances. Obviously, steel
mills today have the ability to consistently roll plates to a
given tolerance and to set tolerance to negative.

Table 3 shows the distribution of the recorded loss as a
percentage of all readings taken.

Class A-tolerances correspond to the IACS-Unified Re-
quirement W 13, class B-tolerances correspond to the
ISO-standard 7452,

Classes A and B are optional and are subject to agree-
ment between steel mill and client. Considering today's
technical abilities of steel mills to accurately roll at
permissible minus tolerances, IACS has considered this
item with the aim to tighten up on tolerance requirements,
to negate this practice. At present the owner has the
possibility, when contracting a newbuild tanker, to require
at least class B- tolerances. The IACS-Council has re-
cently decided to introduce the stricter class B-Tolerances.
on 1st January, 1994,

(to be concluded on page 111)
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