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ABSTRACT

The traditional approach of the
Classification Society in establishing
its Rules has been to draw heavily on
years of satisfactory experience of sim-
ilar vessels in service, However, in
the last 20 years the evolution of very
large sophisticated and highly special-
jzed shlps has outpaced the accumulation
of service experience, This paper re-
views approaches taken by ABS in review-
ing the structural adequacy of today's
large, sophisticated vessels. Design
conslderations are discussed, such as
the use of finite element analyses and
the attention that must be given to lo-
cal details, The materials of today's
ships are considered in the light of
their special properties, such as high
atrength, toughness, cryogenic, anti-
fouling, etc. Other topics include weld-
ing, non-destructive testing, and the
role of the modern classification soc-
iety in accommodating the needs of the
international maritime community.

INTRODUCTION

Until the early 1960s ships were
designed to meet the operating require-
ments of the first and last mile of the
voyage where port facillities imposed
draft or physical dimension limits on
the vessel, With the development of
deep water cargo handling facilities
together with the closing of the Suez
Canal, these restrictions were modified
or removed leading to revolutionary in-
creases in the dimensions of ships. And
50 we have seen the rapid evolution of
supertankers, VICCs and ULCCs, While
the increase in the size of bulk car-
riers and 0BOs has not been as dramatic
as that for tankers, due to shore side
handling capability, these too have also
reached a new generation in terms of
size,

Apart from size, a number of other
significant developments and changes
have cccurred in naval architecture over
the past two decades which have added
efficiency and effectiveness in ocean
commerce, While these advances have

proven most beneficial, their develop-
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ments presented a measure of difficulty
for the classification society.

As you may know, classification
rules, the standards for designing and
constructing vessels, have been tradi-
tionally based upon years of satisfac-
tory service experience, But, 1n the
last two decades the pace of maritime
developments was such that the accumu-~
lation of experlence was not always pos-
sible, This, then, brought a burden to
the American Bureau of Shipping -~ to
set standards and review designs for
vessels Tor which there was limited ex-
perience. To properly serve the marine
industry ABS cannot &sk an owner to walt
several years while his novel design is
researched; a classification soclety
must be able to act with reasonable
promptness in reviewing all designs for
their adequacy.

The Rules are developed, refined,
and updated through a Committee struc-
ture composed of internationally emin-
ent specialists in the marine and re-
lated fields, These Pureau committees,
43 4in all, glve the Bureau close con-
tact with interests in various geo-
graphical regions with various techno-
logical and scientific disciplines., 1In
addition the Bureau is involved in the
activities of many technical organiza-
tions and societles and participates in
and receives the benefits of their re-
search programs, Without these commit-
tees, the Bureau would be a much less
efficient organization as these commit~
tees are a valuable source of informa-
tlon and experience. The particular
importance that the Bureau places in
the reséarch programs of the Ship Struc-
ture Committee and the Soclety of Naval
Architecture and Marine Engineering is
evidenced by its active participation
in these organizations,

Fortunately the American Bureau of
Shipping was able to turn to the re-
assistance, Sound englineering analysis
through computer techniques could he
effectively used to complement the
"Rules" where experience is lacking.
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In fact, without the aid of the computer
it is doubtful that the new generation
of ships operating today would have been
as feasible, The classical metheds and
tools avallable to the naval architect
20 years ago would not have sufficed for
reviewing, for instance, the scantlings
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DAISY SYSTEM

At the outset of computer applica-
tiong, ABS used a number of general en-
gineering computer programs such as
STRUDL and STRESS, but it was felt that
these general engineering programs did
not permit a ship to be modeled in a
manner to realistically represent the
structure or they had other inherent
limitations which would give gquestion-
able results, While ABS did use these
programs wlth success for a perlod of
time, we were simumltaneocusly concentra-
ting efforts on the development of &
computer system specifically for evalua-
tion of a ship's structure and its com-
ponentg. The result of our effort is
the DAISY System, developed in coopera-
tion with the University of Arizona and
the Chevron Shipping Company. This
system is & two and three dimensional
finite element program with the neces-
sary preprocessing and postprocessing
programs to analyze & complete ship, a
section of which represents two or more
tanks, or a single two dimensional mem-
ber such as a web frame or bulkhead web.

Much has been previously written
and discussed of DAISY s0 I will refrain
from doing so here other than to direct
your attention to those papers cited in
the reference 1, 2, 2, 4 and 5. We
feel that DAISY is the most comprehen-
slve finite element system of computer
programs for analyzing marine structures
that is available to the industry. Of
course, DAYSY System is being continual-
ly refined to accommodate the advance-
ments and needs of the industry.

The Bureau has been asked on many
occasions to publish the allowable "ap-
parent stresses" for use with a computer

analysis but it is impossible to set the

allowable "apparent stresses" without
full knowledge of the design loads, mod-
eling techniques, method of analysis,
assumptions, etc,, but in Reference & we
have indicated allowable "apparent
streasses” when using the design condi-
tions indicated in our Rules and using

a comprehensive three dimensional finite
element analysis such as DAISY., The in-
tent of this paper 1ls to discuss a
classificatlion socliety's experlences
both from its technical review and ser-
vice records with the purpose of possibly
preventing some of the past oversights
in tomorrow's ships.

Just to digress for a moment, un-

less one has had the opportunity to vis-
it a VICC or ULCC 1t is hard to appre-
clate the magnitude of the structure in-
volved, It may be helpful to realize
that the area of a bottom longitudinal
on a VICC may be more than 20 percent
greater than the area of a bottom trans-

e Tanstdi:dinally Framad M3
verse of a longitudinally framed T2

tanker, This figure for a UICC could be
upward of 30 percent. The center verti-
cal keel of a VICC may be 7-1/2 meters
in depth or the height of a three story
building. Also, the bottom transverse
on a ULCC may be 2-1/2 times the depth
of the center vertical keel of a T2
tanker,

A person once asked what is the moat
inefficient plece of equipment on a VILCC
and the reply was the cargo pumps, which
have twice thé H,P, of the main engines
on a T2 tanker; and they are used only
8-10 days a year. These comparisons
should not be part of a technical paper,
however I feel that & person discussing
today's shlps should have some feel of
the magnitude of the structures involved.

LOCAL STIFFENING

Design review procedures which 20
years ago were adequate for the vessels
of that time may require a more thorough
engineering analysis as new areas of
consideration for larger vessels becomes
increasingly important.

Our experience has shown that while
overall longitudinal strength of today's
vessels is adequate, some local problems
have occurred due to the inabllity of a
panel to take compressive or shear loads,
the failure of the supporting members,
or details., Compressive and shear loads
are more critical than tension loads as
they may result in local faillure due to
buckling whereas tension loads will be
redistribvuted when plastic deformstion
occurs,

A recent review of the service rec-
ords of 266 vessels over 700 feet in
length built since 1960 indicated that

several vessels have experienced local
dafarmatdan The failura can be traced
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to the two following areas:
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a - instability of the panels
in compression or shear

b - inadequate attachment bet-
ween the web frames and
the longitudinals

Targe panels of web frames on tank-
ers which have inadequate stiffening
have experienced some local deformation,
Where the web frames are stiffened at
alternate longitudinals the critical
buckling strength of the panel can be
increased by a factor of about 4 by fit-
ting stiffeners at every longitudinal,
When stiffeners are fitted at every
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Figure 1

Typical intersection of
web frame and horizontal strut

longitudinal, the aspect ratio of the
panel may be crlitical and 1t may also
be necessary to stiffen the panel to
reduce the aspect ratio when the panel
depth divided by thickness (d4/t) of
the web is greater than 200, This ad-
ditional stiffener should be fitted
parallel to the face plate of the web
at approximately 1/4 the depth of the
web from the face plate to glve proper
support for compressive loads. Atten-
tion should also be given to the iner-
tla of the stiffeners so that they will
not fail before the critical buckling
stress of the panel is reached.,

Filgure 1 shows the detall of the
attachment at the ends of the horizon-
tal struts and in retrospect it can be
¢learly seen that there was inadequate
stiffening of the webs to transmit the
compressive loads in the struts. The
deficliency can be easily corrected in
the designs for future construction
but structural modifications to exist-
ing vessels becomes a more difficult
problem, Indicated in Figure la is a
system of reinforcing which has proven
satisfactory on a number of vessels,
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Figqure la

Typical reinforcement of
web frame and horizontal strut

Our analysis of some of the fall-
ures in way of the cut-outs in the web
frames for the longitudinals has shown
that good judgement should be used in
the design of this important detail, A
three dimensional finlte element analy-
sis of the whole ship or a section of
the cargo tanks wlll not indicate prob-
lems In design of details. Extensive
detailed finilte element analyses have
been made of the structure in way of
the cut-outs In some instances but this
i1s not the normal routine in plan ap-
proval,

In Figure 2 1s shown a typlcal cut-
out in a web frame for the longitudi-
nals., In those wessels which encounter-
ed cracks approximately 75 percent were
found in locatlons G and H., Some cracks
were also noted at locations D, E and
F. Almost invarlably cracks at D, E
and F occurred when G and H type cracks
were present., One of the conclusiéns
drawn from this investigation was that
the initial failure was at the lower
end of the stiffener on the web at
the attachment to the longitudinal and
it sppeared that G and H type cracks

.
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occurred first and then type D and E
developed. Types A, B and C were found
on occaslons where other cracks were
greggnt but only rarely did they occur
by themselves,

Shown in Plgure 3 is the typilcal
type of cut-out where the longitudinal
was a rolled angle or bulb profile.,
With this type of construction where
the web stiffener is lapped on the
longitudinal there had been a failure
of the G and H type in way of the cut-
out only on rare occasions, as this de-
tall permits a greater amount of weld-

ing.

The general conclusion based on our

service experience was that fallure re-
sulted from:

1 - a lack of efficient
welding attachment
between the longitu-
dinal and the web
stiffener (Figure 2)

2 - high stresses in the
welding attachments

It can be seen from Figures 2 and 3 that
the load in the longitudinal is trans-
mitted to the web frame through the
welded attachment of the web of the
longitudinal to the web frame and into
the stiffener on the web frame, For
the sake of comparison, this load in a
bottom longitudinal in an empty tank on
a T2 tanker at summer draft would be
approximately 27 tons. On a VICC 1t
could be 145 tons, An assumption that
a detail which has proven satisfactory
on smaller ships such as T2 tankers
would be adequate through direct extra-
polation and need no further investiga-
tion on today's VICCs and ULCCs is
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Figure 3
Typical cut-out for

bulb plate longitudinal

shown to be a completely false assump-
tion when the magnitude of the load 1s
realized,

To reduce the general stress levels
filler plates should be fitted as shown
in Figure 4, 1In addition, by attaching
the web with a filler plate to the
longitudinal the critical buckling
strength of that portion of the web 1s
increased substantially., Figure 4 also
indicates an acceptable method of re-
inforcement of existing web stiffeners
to provide additional welded attachment
between the stiffener and the longitu-

dinal,
l
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Figure 4
Typical reinforcement of .

cut-out for built-up longitudinal
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Flgure 5

Reinforcement without
filler plate

Where the fitting of the filler
plate is not practlcal because of the
required flow area to the cargo pump
suction, an arrangement similar to that
shown in Figure 5 wherein large brackets
are fitted as stiffeners to the webs has
proven satisfactory. In addition, de-
pending upon the size of the shlp, it
may be necessary to fit stiffeners along
the edge of the cut-out to improve the
critical buckling strength of the lower
part of the web frame,

Depending upon the size of the
ship it may be necessary to add filler
plates in way of cut-outs for the side
and longitudinal bulkhead stiffeners
for at least 3/4 of the depth of the
vessel,

The problems as described above in
way of cut-outs were found to have &
higher frequency of occurrence midway
between transverse bulkheads and in way
of the cut-outs on the side web frame
midway between horizontal struts, bot-
tom or deck transverses, This leeds one
to the conclusion that the general stress
level will have some marked influence
on the incident of fallure,

On the modern tanker the structure
in the permanent {segregated) ballast
tanks 1s subjected to severe loadings
in both the loaded and ballasted condi-
tions, and the structure in these bal-
last tanks has experlienced a higher
frequency of localized problem areas,
This 1s further complicated by an ac-
celerated corrosion rate cauced by the
normal occurrence of vibrations in the
loaded condition, This points to the
need for providing some method or meth-
ods to reduce the corrosion in these
permanent (segregated) ballast tanks
and it is felt 1in some circles that a
system of corrosion control or an in-
creased thickness of the structure in
these ballast tanks should be a condl-
tion of classification.

Brackets which on yesterday's
smaller ships were treated as miscel-
laneous members, onh today's larger
ships the brackets may have a leg
length of 2 to 3 meters or even larger.
With this increased size, there has
been considerable effort by the Bureau
and others, using a fine mesh finite
element analysis, to determine the ap-
parent stresses for the various con-
figurations. Our results indicate that
the brackets provided in today's ships,
if properly designed, can provide sat-
1sfactory service which 18 confirmed
from ocur service records, The proper
design would Include the size and meth-
od of stiffeners, size and ending of
face plates and may also require chocks
and anti-tripping brackets.

On today's VICCs, ULCCs and other
large ships a two and three dimension
finite element analysis is necessary
to properly judge the adequacy of the
structure, but equally important 1s
the attention to detall and good engin-
eering judgement, To illustrate this
point, on one of the earlier VICCs, a
web buckled during tank testing and the
subsequent investigation found that the

failure was due to the shipyard's inad-

vertent omission of esome required stiff-
enlng of the bulkhead web, The web

was repalired as original, the reguired
stiffeners fitted and the vessel has
been 1n service for about eight years
with satisfactory service,

With the ever increasing day rate
of today's ships, some of whlch may
have a dollar value in six figures on
a 125,000 cubic meter LNG carrier, an
oversight in the design of detalls re-
quiring corrective repalrs may be very
costly.

STEEL FOR HULL APPLICATION

Material requirements for ABS
classed vessels are specified in pub-
lished Bureau rules, These specifica-
tions are intended to provide grades of
steel at glven strength levels which.
will have the necessary toughness for
various applicetions. This gradation
of toughnese 1s obtained by specifying
appropriate requirements for control of
chemical composition, process of manu-
facture, melting practice and in some
cases verification by Charpy V noteh
testing.  Specifications for ABS ordin-
ary and higher strength steels are
shown on Tables I and II.

The application for each steel 1s
indicated in wvarious sectlons of the
Rules to assure that the quality of each
steel is suitable for the steel thick-
ness, ship size, and application invel-
ved, For example, Grade A steel, which
represents the least toughnesas category
may be used up to 5lmm (2") thickness

—
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ORDINARY STRENGTH HULL STRUCTURAL STEEL

GRADES a | e | D | 3 | cs | s
PRAOGESS OF FOR ALL GRADES: OPEN HEARTH, BASIC OXYGEN, OR ELECTRIC FURNACE
MANUFACTURE ’ ' '
ANY METHOD SEMI-KILLED KILLED, FINE KILLED, FINE KILLED, FINE
DEGXIDATION EXCEPT R|“.‘E_D OR KILLED GRAIN PRACTICE GRAIN PRACTIGCE GRAIN FRACTIGE
CHEMICAL
COMPOSITION
(LADLE ANALYSIS)
CARBON, % 0.23 MAK] .21 MAX, Q2imax. 0.18MAX, 0,16 MAX. Q. I6MAX.
MANGANESE, % # | cao-1.10 0.70-1.40 0.70-1.50 1.00-1.35 1.00-135
PHOSPHORYS, % 0.04 max] 0.04 Max, ©0.04 MAX. 004 MAX, 0.04 MAX. 0.04 MAX,
SULFUR,% 0.04 Max 6.04 Max, 0.4 MaX, 0.04 MAX, 0.04 MAX, 0.04MAX.
SILICON, % 0.35 MAX. 8.10-0.3% 0.10-0.3% 0.10-0.35 0,10-0,35
HEAT NORMALIZED OVER NORMALIZED OVER
TREATMENT 350 MM (1375 IN.) NORMALIZED NORMALIZED 35.0MM (1375 IN.)

TENSILE TEST

YIELD POINT, MIN, FOR ALL GRADES: 24 KG/MM!’ 34,000 PS5

TENSILE STRENGTH | FOR ALL GRADES: 41-50 KG/MMY 58,000-71,000 PS|

ELONGATION, MiN. FOR ALL GRADES:21% IN ZOOMM{B IN.}, 24 % INSOMM{2 IN.); 22% IN. 5.65+ A (A EQUALS AREA OF TEST SPECIMEN)

IMPACT TEST
STANDARD
CHARPY V-NOTCH

TEMPERATURE -—_ —_ -20C{-4F} —~40C (= 40F) _— —_—
ENERGY, MIN. AVG. —_ — 2.8KGM{ZOFT.LBS.) | 28KGM{20 FT.LBS.) _ —_
NO. OF SPECIMENS —_ B 3 FROM EACH |3 FROM EACH PLATE o o
40 TONS
% GRADE A PLATES OVER 12.5MM (0.50 IN.}
THE Mn SHALL BE 2.3xC% (MIN.} Table T

in low stress areas, but would not be
permitted in any thickness for the
sheer strake of an ocean going vessel
in excess of 137 meters (450') in
length. For such service a Grade B
would be required up to 16mm (.63"),
Grade D normalized up to 27.5mm (1. 08")
and a Grade CS5, E or DS normalized up
to 51mm (2"}, The relationship between
steel grade and ship application is
based primarily on proven service ex-
perience under the wide variety of con-
ditions encountered by merchant ships
over the past years,

Recent research effort by the Ship
Structure Committee has attempted to
introduce refinements in criterla for
ship steels by proposing toughness
criteria based on fracture mechanics
concepts employing such tests as the
dynamic tear, drop weight or crack
opening displacement (COD)} tests (7).
Using these testing methods and maklng
assumptions as to the magnitude, dura-
tion and loading rate of service
stresses, service temperature, workman-
ship quality and other indeterminate
factors, some investigators have been
led to question the wvalidity of cur-
rent hull steel specifications which,
in some cases, employ a Charpy V notch
criteria as one of several means of
characterizing the steel,

In this regard no single specimen
or test can be expected to lncorporate
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the wide varlety of factors which de-
termine an acceptable minimum level of
toughness for a particular ship design
and service application. The Charpy
test as such has proven useful as one
of many measures of control to charac-
terize some ship steels which have been
repeatedly evaluated by the ultimate
test specimen, i.e,, full size ships
operating under actual service condi-
tions, In this regard it is well to
note that the ABS Grade CS steel,

which is one of the highest quality
ordinary strength grades of ship steels,
1s not subjected to any impact test, in
view of the fact that the specification
is sufflcient in other respects to as-
sure a steel of the required toughness
level,

With respect to the higher strength
steels, quenched and tempered steels up
to 115,000 pel minimum tensile strength
have been successfully used in speciall-
zed parts of ship structure and are
finding increased use In drilling units.
On container vessels for instance,
which require large hatch openings
leaving a relatively narrow width of
effect deck area, these higher strength
guenched and tempered steels have been
used to advantage in avoiding the use
of very thick ordinary strength plat-
Ing in the construction of the box glr-
ders at the upper deck.

Susceptibility to hydrogen crack-




HIGHER STRENGTH HULL STRUCTURAL STEEL

IF Ne TREATED

GRADES AH 32 0R AH36 DH32 oar DH3E EH32O0REH3E
PROCESS OF
FOR ALL GRADESt OPEN HEARTH, BASIC OXYGEN, OR ELECTRIC FURNACE
MANUFACTURE ! '
- KILLED,FINE
DEOXIDATION SEMI-KILLED KILLED, FINE .
OR KILLED GRAIN PRACTICE GRAIN PRACTICE

CHEMICAL FOR ALL GRAGES:
COMPOSITION
{LAOLE ANALYSISH

CARBONY% .18 MaX.

MANGANESE % 0.90-1.60

PHOSPHORUS % C. 04 MAX.

SULFUR % 0.04 MAX.

_ AH TO 12,5 MM (0.50 IN,} MAY BE SEMI-KILLED

SiLicoN % 0.10 o‘“{m WHICH CASE 0.109% MIN. §i DOES NOT APPLY

NICKEL % 0.40 Max,

CHROMIUM % 0,25 MAX,

MOLYBOENUN % ©.08 MAX.

COPPER % 0.35 MAX.

ALUMINUM % 0,06 MAX.

{aciD SOLVBLE)

COLUMBIUM % ¢.08 MAX.

(NIOBIUM)

VANADI UN Q.10 MAX

NORMALIZING REQD.
QVER 25.5MM (1,0 IN.)

HEAT NORMALIZING REGD. IF AL TREATED
TREATMENT OVER 2.5 MM (0.50 IN.) GVER 12.5MM{0.50 IN) NORMALIZED

|F Na TREATED
OvER 9,0 MM (O.73 IN}
IF ¥ TREATED

TEMWSILE TEST

YIELD POINT, MIN.

ELONGATION, MIN,

TENSILE STRENGTH FOR 32 GRADE: 48-60 KG/MM.(GB,OOO-BS,UOO PSIY
FOAR 36 GRADE: %0-83 KG/MM'(TI,OGO—S0.000 PSI}
FOR 32 GRADE' 32 Ka/MuP {45,500 PSI)
FOR 36 GRADE: 36 KG/MM (51,000 PS1}
FOR ALL GRADES' 19 % IN 200 MM (8IN); 22% IN SO MM{2 IN}
20% IN 5.69vA LA EQUALS AREA OF TEST SPECIMEN}

IMPACT TEST

STANDARD

CHARPY V-NOTCH
TEMPERATURE _
ENERGY, M(N.AVG. —
NG, OF SPECIMENS —

-20¢{-4F)
3.5 KW (25 FT. LBS)
3 FROM EACH 40 TONS

—40C {-40F})
3.5KGM (25 FT.LBS)
3 FRQM EACH PLATE

Table II

ing and magnitude of residual stresses
resulting from welding tends to in-
crease directly with increasing yield
strength. Fabricatlon procedures and
filler metals should take these factors
into account., When appropriate low
hydrogen welding techniques are used
and weld residual stresses are mini-
mized, shipbuilding experience wilth
steels up to 100,000 yleld strength,
such as ASTM A51ﬂ or A517, have been
successfully used. Difficulties, when
encountered, are usually associated
with the initial use of these materlals,
when the fabricator has failed to rec-
ognize the necessity of maintalning re-
quired low hydrogen welding techniques
and associated good welding practice.

While it is apparent that reduc-
tions 1n weight and thickness can be
derived from the use of steels of hlgher
strength than an ordinary strength ship
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steel, in some cases hull girder iner-
tia or buckling criterla can limit the
amount of thickness reduction, In ad-
dition, in design calculations, credit
is only given for a portion of the
higher yield strenﬁth of the steel; for
such & design a "Q" factor as defined
in Section 6 of the Bureau Rules may

be used to indicate the reduction in
sectlion modulus of the deck and bottom.

The practice for design of fixed
offshore platforms and mobile drilling
units is somewhat different from the
engineering concepts applied to ship
structures 1n that design practices
are derived from civil englneering con-
cepts, Cilvil éangineering codes are such
that thelr formulae give full credit to
the increased yield strength of the
material. However, the deslgn loads
used with these methods are considered
to have a lesser probabllity of occur-
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rence than those used in the ship struc-
ture.

In addition, design of drilling
wnlits has led to the increased use of
product forms not commonly used in ship-
building. For example, centrifugal
castings, sand castings and tubular pro-
ducts have been used to make up the leg
sections of self elevating drilling
units,

ABS has had a contlnuing program
t6 accumulate data relative to the
Charpy V, dynamic tear and drop weight
characteristic of ship steels. However,
in our opinlon, investigations as to the
adequacy of ABS Rule steels for the par-
ticular thickness and service applica-
tion for which they are used under Rule
requirements should have a low priority
in view of their proven service exper-
ience, If current Rule steels were to
prove inadequate for a particular appli-
cation, a simple upgrading of steel re-
quirements is readily accomplished, us-
ing currently specified steel require-
ments. For example, 1f service exper-
ience were to indicate inadequate mat-
erial toughness for & particular appli-
cation or design in which Grade B mat-
be to substitute a material with a
higher notch toughness such as DS, CS,
or E, The primary value in conducting
Charpy V, dynamic tear, or drop weight
tests is to provide a basis for estab-
steels, such as high strengths, or low
temperature steels which are being in-
troduced into shipbullding, with which
extensive service experience has not
been acquired,

The Bureau is currently in the
process of developing a toughness cri-
teria for materials for submersibles
and decompression chambers which will
be of increasing importance in future
exploitation of the ocean floor. The
criteris, when developed, wlll take in-
to account the input of the Bureau's
Special Committee in Submersible Ves-
sels, governmental regulatory bodies
and englneering groups. However, one
of the princlpal considerations in for-
mulating these toughness criteria will
be the service experience with the mat-
erials that have been used in existing
submersibles and decompression chambers,

Materlals for low temperature ap-
plications are currently covered by
Bureau Rules and successfully used down
to service temperatures of -196 C
{-320F)}. 1In general, carbon steels are
used down to -57 C (-70 F) (for LPG),
nickel alloy steel to -79 C (-110 F
and 9% nickel, stainless steel, 36%
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nickel alloy, and aluminum have been
used down to -162 C (.260 F) (LNG. tem-
perature), stainless steels are used
down to =196 C i-aao F)}. The Bureau is
also familiar with the 5% nickel alloy
steel (ASTM, A6U45) which was developed
for cryogenlics service but we have had
no service experience with this mater-
ial,

A materilal application area still
under study in LNG ships relates to the
structural steels used in the inner hull
and contiguous structure which are sub-
Jected to temperatures down to approxi-
mately -50 F, While materials are
readily available to meet the 20 ft. lbs
Charpy V at 5 C ilo F) below service
temperature required in this application
& related requirement is that the heat
affected zone (HAZ) of the material also
meet this requirement. Since the de-
gree of reduction of Charpy V properties
in the HAZ can vary with shipyard weld-
ing practice, the problem of establish-
ing the margin of safety to take into
account such degradation is still un-
resolved. Consliderations have been
given to modifying material requirements
to Increase the toughness characteris-
tics of the material sufficiently so
that the HAZ of the welded material will
always meet the specified requirements
even when welded with high production
rate, high heat input welded processes;
another approach is to modify the mat-
erial toughness requirement slightly
cess to keep loss of toughness in the
HAZ to & minimum. A third approach is
to modify the method of evaluation of
the HAZ by the use of the drop weight
instead of the Charpy criteria. This
approach appears justifiable on the
basis that HAZ Charpy specimens from a
beveled joint contain varying amounts
of weld HAZ, base metal, and the pro-
portions of these areas in a Charpy
speclmen have great influence on the
Charpy value obtained. The problem is
currently being reviewed by the various

Bureau committees, regulatory bodies
and International Association of
Classification Societies,

With certain design details, the
through thickness properties of a mat-
erial must be taken into consideration,
Some steels have shown separation along
plate surface, when the steel is loaded
perpendicular to the plate surface;
such loading is initlally imposed dur-
ing construction by residual welding
stresses of a heavy flllet or cruci-
form filled weld, The problem has
sometimes been observed in marine
structures when a heavy deck plate was
Joined to a sheer strake by a full
penetration weld shown on Figure 6.

e

,.
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Figure &

Lamellar Tearing of Gunwale Weld

View X-X

The problem may frequently be rectifled
by redesign of double fillet welds of
the type shown in Figure 7.

The problem of lamellar tearing
in materials with low through thickness
properties is of particular concern in
the tubular connections of drilling
units, where the residual stresses of
welding of complex intersecting parts
of tubular members induce high tensile
stress through the plate thickness (8).
As a result, Instances of delamination
as shown in Figure 8 have been observed
in the course of fabrication on several
drilliing units. Repairs in such in-
stances are difficult and in some cases
design changes, to minimize the occur-
rence of welds which induce such condi-
tions, have been reguired,

The provlem of lamellar tearing
due to through thickness weakness is
related to lack of ductility rather
than lack of strength. The percent
reduction in area in a tensile specimen
across plate thickness is consldered
the most reliable lndicatlon of the
susceptibllity of a material to lamellar
tearing, Reduction in area values of
the order of 15 to 25 percent or more
is consldered an indication of adequate
resistance to lamellar tearing., In
addition to minimizing lamellar tearing
tendencies by design and welding se-
quence, materials have been developed
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with Adjacent Plating

which are made with special melting
techniques such as magnetic stirring

or electroslag remelting which produce
materials resistant to lamellar tearing
through a reduction of non-metallic
inclusions, Other approaches have been
to use forglings or castings 1n selected
areas,

Since through-thickness weakness
is attributed to non-metalllc inclus-
ions flattened out during the rolling
process of plate manufacture, some fab-
ricators have included ultrasonic in-
spection requirements te cull out lam-
inated plates, While thls technique
1s useful and will detect gross lamina-
tlons, it is not a completely positive
method, since a laminar orientation of
constituents of submicroscopic size,
such as fine aluminum oxides may not be
detected., Since these may be the
source of weakness, a more positive ap-
proach appears to be through selectlon
of appropriate materials or redesign of
the details to avoid or reduce the
atress concentrations,

NEW MATERIALS

The search for higher strength to
weight and improved corrosion resistant
materials is a continucus one., Advances
in the technology for application of
aluminum alloys in ships is evidenced
by the recent 1975 Bureau publication
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Partial penetration fillet
weld
Figure 7

Sketch showing corrective and partial
penetration fillet welds

"Rules for Bullding and Classing Alum-
imum Vessels", The Rules parallel the
Bureau's rules for steel vessels and are
intended to apply to aluminum hulls up
to 152 meters (500'}. Aluminum is find-
ing extensive use in spherical and pris-
matic tanks for contalnment of LNG.

In the area of plastics the Bureau
has recently established a special com-
mittee of technical experts from indus-
try and government to assist the Bureau
in developing standards for the design
and construction of reinforced plastic
vessels, The proposed standards will
be applicable to self-propelled, rein-
forced plastic vessels up to 200' in
length and will include both vessels for
ocean service, such &s commercial fish-
ing craft, and vessels for limited geo-
graphic service, such as recreational
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thickness

plate tearing

diaphragm plate

Figure 8

craft, While the great majority of
vessels to which the standards will
apply are expected to be fiber-glass
reinforced plastic {FRP), provisions
for using other reinforcing materials
such as boron filaments and graphite
fibers will be included.

A recent innovation 1s the use of
a solid copper-nickel or a copper-nickel
clad steel as hull material, The anti-
fouling characteristics of this mater-
ial has been demonstrated by the 2 years
of successful service experience with a
67' copper-nickel hull (1/4" thickz
shrimp trawler (9). This ship, which
operates in highly fouling waters, af-
ter 6 months of continuous service is
reported to have shown twice the fuel
economy of & steel sister ship at a 7.5
knot speed, about 30 percent lower RPM
at 7.5 knots and about 20 percent
greater top speed, 9.2 versus 7.5 knots,
In addition the lost operational time
required for cleaning and scraping the
barnacles from steel hulls 1s eliminated,

For larger ships (as large as 900")
the use of copper-nickel clad steel
rather than solid copper-nickel is under
consideration, In the case of these
large ocean going ships, the principal
impetus to the use of copper-nickel clad
steel hulls is the promise of reduced
frictional drag from reduced fouling
and roughness, Reference 10 indicates
an approximate 10 percent difference in
power requirements between "poor" and
"best" hull roughness characteristics,
and Reference 11 indicates that for a



MECHANICAL PROPERTY REQUIREMENTS
FOR ABS FiLLER METAL GRADES

ORDINARY STRENGTH

TENSILE REQUIREMENTS
l(gf’mm2 psi t(:nns/in2
TENSILE STRENGTH 41-57 58,300 -81,100 26-36
YIELD POINT (Min.} 44,100 19.6
ELONGATION YN 50mm {2 tn.) Min. 22. 0% 22.0% 22.0%
[ e
IMPACT REQUIREMENTS MANLIAL & SEMI-ALTOMATIC MACHINE AUTOMATIC
GRADE T TEST TEMPERATURE ENERGY ABSORBED ENERGY ABSORBED
, oc F Kg-n -‘V I-th Kg-m ft-1b
1 ! 20 68 4.8 35 3.5 25
2 ‘ [y 32 4.8 35 3.5 25
3 [ -20 —4 4.8 33 3.5 25
or 3 ! ~10 14 6.7 45 4.5 13
t
HIGHER STRENGTH
TENSILE REQUIREMENTS
Kq:’rnm2 psi tons/in®
TENSILE STRENGTH 50-67 71,000-95,000 32-42
YIELD POINT (Min.) 39 55,500 24.8
ELONGATION N 50mm (2 In.}) Min, 20.0% 20.0% 20.0%
IMPACT R
EQUIREMENTS MANUAL & SEMI-AUTOMATIC MACHINE AUTOMATIC
GRADE TEST TEMPERATURE ENERGY ABSORBED ENERGY ABSORBED
°C oF Kg-m ft -Ib Kg-m ft-lp
H1 20 68 5.5 40 4.1 a0
H2 ] a2 5.5 40 4,1 30
H3 -20 —4 5.5 40 4.1 30
or H3 -10 14 6.9 50 53 38
Table ITI

32,000 ton tanker speed can be reduced
from 16,5 (new ship) to 15 after one
year due to fouling and roughness fac-
tors.

WELDING

Bureau rules for welding are essen-
tially those of the shipbuilding indus-
try. To assure adequate toughness in
weld metals, the Bureau classed filler

matale 4n snnarvdanca with +ha odv sradac
metlals in aClCOQance waitlnl tne SiX raqes

shown in Table ITIY, As indicated there-
in, each grade i1s required to meet a
toughness criteria which is comparable
with & given base plate grade shown ln
Table IV, The Bureau publishes annually
a listing of approved welding electrodes
wire-flux and wire gas combinations
whicth indicates the electrode brands

throughout the world which have met the
above reguirements or those of AWS
specifications which contain similar
requirements.

The problem of preservation of
toughness level in the HAZ of low tem-
perature steels was previously noted
in the discussion on low temperature
materials, For general ship construc-
tion, a similar problem exists when

high heat inmut welding nropesgses such
N1gN At ANpPuL wealllihg proCesSses Such

as electroslag or electrogas welding

are applied to some of the fine grained
normalized steels uged in critical areas
such as the sheer strakes, Current
practice in many highly automated ship-
vards is to apply electrogas and electro-
slag welding to the side shell; when

the welding reaches the sheer strake



ABS
Filler Metal Grade

Acceptable 1
AWS Classification (!’

Applicable
ABS Hull
Structural Steel

Ordinary Strength

AWS A 5.1-69 Grade A to
1 E6010, E6011, E6027 12,5 mo (% in.) incl.
E7015, E7016, E7018, E7028
AWS A 5,1-69 Above +
2 E6010, E6011, E6027 Grade A over 12,5 mm
E7015, E7016, E7018, E7028 (% in.), B, D, DS
AWS A 5,1-69 Above +
3 E6010, E6011, E6027 Grades DN, CS, E
E7015, E7016, E7018
Higher Strength
AWS A 5.1-69 ABS Grade AH to
H1 E7015, E7016, E7018, E7028 12.5 mm (% in,)
inclusive
AWS A 5,5-69
E8016-C3, E8018-C3
AWS A 5,1-69 Above + Al over
H2 E7015, E7016, E7018, E7028 12,5 mm (% in,), DH
AWS A 5.5-69
E8016-C3, E8018-C3
AWS A 5,5-69
H3 E8016~C3, E8018-C3 Above + ;
EH
(1) Equivalent AWS classifications for wire-gas and wire-flux

combinations are also permitted.

manual metal arc or metal inert gas arc
processes must be used, However, if it
can be demonstrated by Charpy testing
that adequate toughness will be main-
tained across the HAZ of the electroslag
or electrogas weld the process may he
used., Since degradation is more often
observed in higher strength steel, such
as Grade EH, when using electroslag or
electrogas welding process the full eco-
nomic beneflt of these high production

rate processes cannot always be achieved.

The Bureau recently conducted a coopera-
tive research program with MARAD (12),
and administered by the Bethlehem Ship-
building Company to determine the means
to extend the applicabllity of the
electroslag and electrogas process by
developing approaches to minimize dele-
terious effects on HAZ toughness and to
develop more realistic methods for
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evaluation of toughness in the joints.
The most noteworthy result of this in-
vestigation is the conclusion that the
toughness performance of high heat in-
put electrogas or electroslag weldments
in Grade CS steel can yleld essentially
equivalent results to the more commonly
used manual metal arc or submerged arc
weldling process, In addition, the re-
sults of this research effort indicate
three areas of consideration which
should be evaluated; use of faster tra-
vel speeds to lower heat input, use of
beveled jolnts, and investigation of
candidate steels which would exhibit
minimum tendencies for HAZ toughness
degradation.

In general the Bureau will approve
use for a shipyard of any weld process,
automatic or manual, which can be shown
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Figure 9

Aluminum to Steel Joint

by procedure testing to provide weld
joints of adequate properties under
production conditions, Processes ap-
proved by ABS have included a variety
of techniques including one sided weld-
ing, submerged arc welding, thermal
welding, electrogas and electroslag
welding, tungsten inert gas and metal-
li¢c arc inert gas, as well as conven-
tional metallic arc welding. More
sophisticated methods such as exploslon
bonding have also been approved as
shown in Figure O which is used as a
transition joint between an alumlinum
tank structure and steel in a LNG gas
tanker.

NONDESTRUCTIVE TESTING

Bureau requirements for radiograph-
ic and ultrasonic inspection of hull
welds are found in the 1975 Bureau pub-
lication "Nondestructive Test Require-
ments for Hull Welds", The radiographic
standards shown therein were based on
standards Introduced as guldelines in
1065 and finalized as Bureau Rules in

1971, The two classes of acceptance
levels shown therein are based on length
of ship and location of welds in the
ship regardless of the type of ship.

The extent of radiographic inspections
used for surface ghips are expressed by
a formula which takes Into account the
length, breadth and depth of the ship.
These standards have been in use since
their inception and have been appilied

to butt welds in all marine structures
classed by the Bureau including offshore
drill units, underwater structures, low
temperature containment vessels, alum-
inum structures, ete,

The ultrasonic requirements shown
therein represent formal adoption of
requirements first issued as provisional
requlrements in 1972, They were derived
from & study by the Bureau of the vari-
ous ultrasonic techniques used in ship-
yards throughout the world and have been
implemented worldwide with minor modi-
ficatlons since their issuance (13}.

The ultrasonic specification parallels
the radiographic inspection standard



with respect to levels of acceptance,

When ultrasonic inspection 1s to
be used as a quality control measure
at & shipyard, shipyard capability is
first determined with respect to opera-
tor training and qualifying practices,

reliability and repreduclbllity of re-

sults and the precper application of ap-
proved procedures, Where ultrasonic
inspection is used as & primary inspec-
tion methoed the Bureau requires that
such testing be supplemented initially

1 + - o Ad T
with a reasconable amount of radlograph-

ic 1nspection to determine that ade-
quate guality control is achieved. 1In
applying elther radiographic or ultra-
sonic lnspection, confusicn sometimes
arises since radiography and ultrasonics
have different sensitivities to a glven
discontinuity; discontinuities which are
detected by one inspection technique may
not be detected with the other. In gen-
eral the acceptance standard applicable
to the selected primary inspection meth-
ods governs, unless discontinuities
known to be detrimental are revealed by
the secondary inspection method.

The Bureau's radiographic and
ultragsonic standards only apply to butt

welds,

] T + 4 +4d a1
Conventional magnetic particles

or dye penetrant methods are used for
the inspectlion of fillet welds. How-
ever, in cases where ship bullders or
designers Indicate ultrasonic or radio-

graphic inspection of materials or

Joints other than butt welds, applicable

acceptance standards designated by the
designer as specified by the accepted
specifications are utillzed. Such re-
quirements have occasionally been ap-
rlied to drillunit construction wherein

the flllet welds are primary strength

joints and where in some designs there
1s concern as to delamination of base
metal in way of these welds,

JACS

In addition to the Bureau's com-
mittees, the Bureau endeavors to extend
its contacts to all phases of the mar-
ine community by participating in over
90 industrial and governmental commit-
tees which have a strong influence on
keeping our Rules up-to-date,

JACS, Internatlonal Association of
Classification Societies, the purpose
of which is to provide by cooperation
and consultutiun, the aims which its
members hold in common and to provide
for cooperation and consultation with
other national and international organi-
zations was formally organized in 1968,

It had 1ts origin in the 1930 Load Line
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Cenvention, which urged the classifica-~

tion socleties to get together to dis-
cuss strength standards as applled to
the vessels to which the societles as-
signed freeboards under that Convention.

The socleties involved, American Bureau
of Shipping, Bureau Veritas, Det norske
Veritas, Germanischer Lloyd, Lloyd's
Reglster of Shipping, Nippon Kaiji
Kyokal, and Registro Italiano Navale,
met several times between 1935 and 1568
to discuss technical matters concerning
the Load Line Convention and other mat-
ters of common interest.

It became apparent during the
1960s that IMCO was golng to be success-
ful as a forum for the development of
international maritime regulatlons at
the governmental level, and it seemed
desireable for the classification soc-
leties as a group to establish liaison
with IMCC, That body is permitted to
recognize international organizations
which have an 1ntefé§t in its proceeu-
ings by granting "consultative status”
to them, In addition to the seven soc-
ieties mentioned above, the Reglster of
Shipping of the USSR, and the Polish
Register of Shipping have since been
admitted as members, and the Yugoslav
Register of Shipping has been granted
associate membership. Assoclate member-
ship may be granted to societies which
are not large enough to be considered
international societies,

There are
correspondence

14 working parties and
groups within IACS “which
are working on items common to all
classification societies and any reso-
lution will benefit the marine industry.
To date some 95 "Unified Rules" have
been developed through IACS and most of
them have been adopted by all the class
societies,

It is unlikely that there will ever
be & complete set of unified rules for
buillding and classing vessels, Each
soclety must, after all, answer to its
own constituency, However, work is
proceeding in many areas, and the dif-
ferences between the rules of the vari-
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ous societies are gradually being
duced,

CONCLUSION

Yesterday's ship,
ship with four or five holds with the
cargo bveing handled by the ship's gear,
is becoming an obsolete structure as
the emphasis is now on reducing the in-
port costs and turn-around time, To-
morrow's ship wlll continue this trend
and will include concepts which are

still being developed.

a general cargo

The marine industry 1s becoming
more complex with the development of .
more sophisticated structures such as
offshore drilling units, submersibles,
LPG/LNG vessels, single point mooring
and atomle power plants to mention a
few, and to provide the necessary ex-
pertise, the marine industry will re-



quire many of the engineering and tech-
nical disciplines not normally employed
in today's ships.
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