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The fabrication of structural design details represents
a significant part of a ship’s structural cost. These details
alsp represent potential sources of premature failure, fatigue
cracking, and, perhaps, spontaneous fracture. Although periodic
or pre-repair surveys are made on ships, insufficient information
is.reported to evaluate the performance of the structural details.

Therefore, the Ship Structure Committee initiated a
project to examine 50 ships undergoing repairs or periodic surveys
to determine the type and frequency of different structural
details and pin-point those areas where problems have occurred.

This report describes the results of that Droiect.
An additional 36 sh;ps are now

. .
being examined.

‘cy~&.d&7
W. M. Benkert

Rear Admiral. U.S. Coast Guard

4

Chairman, Ship Structure Committee
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A8STP.ACT

This report includes the results of a structural detail survey
of twelve families of approximately fifty different ships. Seven
ship types were surveyed to determine whether or not predicted
failures actually occurred.

The families axe beam brackets, tripping brackets, non-tight
collars, tight collars, gunwale connections, knife edge crossings,
miscellaneous cutouts, clearance cuts, deck cutouts, stanchion ends,
stiffener ends, and panel stiffeners. Fifty-s ix groups evolved with
a total of 553 observed variations in structural configuration.
The data are synthesized by ftiily groups.

During the survey 490,210 details with 3,307 failures were
observed. Eighty-two percent of the failures were in the cargo space
and were predominately located in structure adjacent to the side shell.
The remaining 18% were distributed, 10% forward and 8% aft of the
cargo spaces.

Feedback data of this type should be invaluable to design and
repair offices. It depicts, with sketches and photographs, the
variations of structural configurations and tabulates all of the data
collected during the survey. As an aid to engineers and designers ~
failure causes such as design, fabrication, maintenance and operatxon
are postulated. Systematic performance studies of this type should
be conducted in all areas of ship construction.

ii
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INTRODUCTION

On January 9, 1976, Newport Nsws Shipbuilding received a contract
frcm the Department of the Navy, Naval Sea Systems Ccmmand, Code:
SEA 0242 to perform the Ship Structure Committee project SR-232.
This project, under the advisorship of the National Academy of
Sciences, Ship Research Committee, was to conduct a structural detail

failure survey Of twelve detail families on approximately fifty
different ships. The twelve families of details were to be surveyed
by an on board visual inspection of several ships of various types,
undergoing repairs or periodic surveys, to determine whether or not
predicted failures actually occurred.

The goal of the project is to provide design and repair personnel
with structural service data and recommendations that can be used to
significantly decrease the number of detail failures that occur in
ships which operate in an environment that is constantly changing,
inconsistent, and often times hostile. Current design and repair
practices are based on theory and ampirical data that produce
satisfactory performance except in relatively isolated cases which have
vulnerable areas of instability in localized structural arrangements.
Failures that do occur, ho.vever, are usually in the plate crack or
buckle modes and must be repaired or confined to the local area to
prevent a threatened total collapse of the ship structure.

A number of structural details that are common to many ships
are examined in the survey in order to evaluate the effectiveness
of various existing geometrical configurations that have been used
for similar shipboard conditions. Data from sound and failed details

are gathered from interviews, repair specifications, and inspections
aboard ships which are undergoing repairs or periodic surveys in
repair yards or aboard accessible ships at loading and unloading
docks . Results from the orderly and systematic study of structural
details on ships in service can make a significant contribution to
design and repair knmledge that should result in an improvement
in design and fabrication practices and increase the number of sound
details in present and future ships.

Structural details that have histories of failures in the past
were selected on the basis of References 1, 2, and 3, and frcm
preliminary interviews with ship design and repair personnel. After
grouping the observed details according to their intended functions,
a typical configuration for each of the twelve detail families was
selected as a basis for discussing the variations within each family.
These typical configurations, as shown in Figure 1, were selected
according to their maximum frequency of occurrence on the ships
surveyed.

This method of classification provided for inclusion in the survey
of other details; ones that did not have kncwn failure histories but
were sxpected to be vulnerable to the magnifying stress patterns
imposed on the local structure by the detail gecrnetry, fabrication
methods and other environmental factors such as corrosion. Also
included were the numerous sound and successful details that have
remained strong and functionally effective throughout many years of
ship service.

-1-
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FIGURS 1

DETAIL CLASSIFICATIONS

Type NO. Name Functional Provision TYP ical Configuration

1 Beam Bracket Increase strength of
framing and stiffening

m

——-.
members at their

I

supports. i

2 Tripping Brackets Laterally support
\ framing and stiffening

members.

7

--——

3 Non-Tight Collars Provide a connection
from webs of framing
and stiffening members
to the plating of
supports that have
cutouts at the membere. mt

I A I

.,



FIGURE 1, Detail Classifications (Cent ‘d)

Type No. Name Functional Provision TYP ical Configuration

4 Tight Collar Same as 3. above except
also cover the cutouts
to prevent passage of
fluid or objects through
the cutout.

m
I A I

5 Gunwale Connection Join the strength deck

+ stringer plate to the
shear strake.

F

6 Knife Edge Crossing No functional
provision

F



FIGuRE 1, Detail Classifications (Cent’d)

Type No. Name Functional Provision Ty pical Configuration

-1 Miscellaneous Provide a wide variety
cutouts of holes for access, 4

drainage, ease of
fabrication, cableways, .
pipes, stress relief,
etc. n

8 Clearance Provide a hole in an
cutouts intersecting member to

allow another member
to go through.

m

9 Structural Deck
cuts

Allow passage through
decks for access, tank
cleaning, piping,
cables, etc.

i r I

.,



FIGURE 1, Detail Classifications (Cent ‘d)

Type No. Name Functional Provision Tvp ical Conf iqurat ion

10 Stanch ion Ends Transfer loade between
stanch ions and deck
supporting members.

T

II

11 Stiffener Ends Connect an unbracketed
non-continuing stiffener
to a supporting member.

L

12 Panel Stiffeners Stiffen plating and webs
of girders. These are non-
load carrying members.



mLPs IN THE SURV YE

Various merchant and naval vessels were surveyed as shown in
Table 1. The merchant ships are presented according to their
commercial classification and, for national security reasons, the naval
ships presented as one class. Included in the table are columns
giving the average lengths between perpendiculars, displacements,
and ages. These averages vary over ranges of 430 to 770 feet for
LBP, 11,000 to 71,000 long tons for displacement, and four to thirty
years for age. Of the fifty ships surveyed, forty-two were built or
converted in sixteen different dcmest ic shipyards and the remaining
eight were built or converted in four different foreign shipyards.

TABLE 1

SUMMARY OF SHIPS SURVEYED

Avg. Avg. Avg.
10. of LBP Displmt. Age No. Built
~ Classification (feet) (lonq tons) ~ USA Foreign

4 Bulk Carriers 618 46,300 10 1 3

5 Combination
Carriers 782 43,300 8 5 0

12 Containerships 622 27,500 11 10 2

5 General Cargo 490 18,300 11 3 2

2 Miscellaneous 505 28,600 10 1 1

9 Naval 13 9 0

13 Tanker 630 42,600 19 13 0

50 AVERAGE/TOTAL 622* 34,980* 13 42 8

Does not include size of the naval vessels.

.
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SHIPYARDS VISITED AND CONDITIONS OF SURVEY

All of the ships, except one miscellaneous vessel at a Gulf Coast
loading deck were in repair yards for scheduled maintenance and
periodic inspections, overhauls, or for unscheduled emergency repairs.
Thirty-three ships were surveyed at Newport News. The remaining
seventeen (17) that were surveyed elsewhere included one bulk carrier,
one combination carrier, one general cargo ship, one miscellaneous
vessel, nine naval vessels, and four tankers.

A ccmplete list of the yards in which the ships were surveyed are:

Newport News Shipbuilding, Newport News, Virginia

Norfolk Naval Shipyard, Portsmouth, Virginia

Norfolk Shipbuilding & Dry Dock Company, Norfolk, Virginia

Jacksonville Shipyards, Inc. , Jacksonville, FlOrida

Bethlehem Steel Corporation, San Francisco, California

Tcdd Shipyards Corporation, Alameda, California

Bethlehem Steel Corporation, Boston, Massachusetts

Personnel involved with commercial, civil, naval and regulatory
operations in these yards and those on the surveyed ship were
interested in the project and were very helpful and cooperative.
Permission was granted by the Port Engineer and usually the ship’s
Captain for each survey with the understanding that the ship’s name
would ramain anonymous.

SHIPBOAFD SURVEY ENVIRONMENT

Typically, the ships contained sOme bal~ast and s~etimes One
would have a partial or full cargo load aboard. Inspection of the
ship’s structure was limited to the accessible details in open
compartments as given in Table 2. Tanks that were entered had been
checked for gas by a yard chemist and certified safe for man and
usually, but not always, safe for welding. In a few cases tanks were
bypassed because the ladders were considered unsafe for access.
(See Figures 2 and 3) Occasionally, access was gained to a normally
closed compartment that had been opened for the repair yard’s use
or for inspection by the United States Coast Guard and/or the
American Bureau of Shipping.

Only the structure that was visibly accessible in the open
compartments was surveyed. No attempt was made to remove insulation,
chip off the paint, strike loose corroded metal, or alter any item
that could cause subsequent repair to the vessel. Inspection of
the details was aided by the use of a small hammer and pen knife to
determine sound metal. Other testing methods such as dye penetrant,
magnetic particles, ultrasonic or x–ray techniques were not used. Under
no circumstances was the surveyor to disrupt repair operations or alter

-7-



TA8LE 2

COMPARTMENT ACCESSIBILITY

Number Open
Compartments (%)

Forecastle storerocqns 90

Forepeak tanks 30

Chain lockers 40

Forward pump rocms 90

Cargo spaces 46

Inner bottom 1

Fore and aft passageways 100

Miscellaneous deck.hO~ses 30

Public spaces 100

After pump rooms 96

Machinery spaces 98

Fuel oil tanks 2

Potable water tanks o

v oids 10

w capons stcxrage o

shaft tunnels 96

steering gear rooms 80

Main deck-houses 10

.

-8-



FIGURE 2

FAILED CARGO TANK LADDER CLIPS

The flat bar clips ari!

of the deck anii to th(
piece of cardboard has
crack in the left-hand

welded LO the underside
ladder frame. A square

been inserted in the
Cllp.

–’3
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still intact enouyh to hold th~! ladder.
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the existing condition of the shipls structure, to do so was not
within the scope of this contract.

Housekeeping on the ships varied frcm well kept and clean to
neglected and unclean. All of the yards required the surveyor to wear
a hard hat and safety glasses. Additionally, safety shoes and ear
plugs were either required or urged in most of the yards. Other
surveyor equipment included coveralls, flashlight, ruler, camera (when
permissible) and a notebook of data sheets.

&ant itative data on the twelve details were accumulated
throughout the twelve month period of the ship surveys. The data
were collected by the systematic use of the follming pre-established
check-off list which was developed to ensure that the same type of
data was recorded for each surveyed detail. Historical facts were
also gathered, when available, for use in the final synthesis.

Ship

. Type

. Size (but not name)

. Age

Whether domestic or foreign built

. Shaft horsepower

Each Configuration

.

.

.

.

.

.

.

.

.

.

.

.

Detail family number

Geanetrical sketch

Loc at ion on ship

Number of

Estimated

Number of

Estimated

details observed

number of details

failed details observed

number of failed details

Failure mode

Corroded cond it ion

Weld condition

Workmanship

Conformity of parts to shape intended

-11-



. Manual or machine preparation
.

Material type

. Alignment

. Probable cause of failure

Interviews

. Present structural problems

. Historical structural problems

. Suggestions

The estimated quantity of details with a particular configuration
was extrapolated from a count within one compartment or area where
that particular configuration prevailed within each ship. Estimated
failure quantities were calculated as a function of the observed
failed details, repairs requested in specifications, and those
mentioned in interviews.

In addition to the recorded data, photographic pictures, where
allmed by the owner, were taken of sample sound and failed details
on diverse types of ccimnercial ships. Pictures were not permitted
on any naval ship.

DETAIL FAMILIES

As the survey progressed it became apparent that each family
had varicms configurations with unique geometrical features that could
significantly affect the stress patterns within and around the details.
In order to find failure trends in the various features, the details
were grouped within each family according to their similar or related
characteristics. Thu S , each family is ccmposed of two or more detail
groups, containing related configurations, which were designed to
perform the same function, but differ frcm each other in one or more
geometric features. This grouping methcd resulted in the twelve
detail families being subdivided, see Table 3, into fifty-six separate
groups with a total of 553 distinct configurations. The detail
variations are identified by their assigned position in the individual
families, i.e. , the first number(s) is the family number, the letter
is the group number and the last number(s) is the variation number.

Each family is presented according to the above grouping with
discussions containing sketches of each observed configuration, a
summary of each group survey, and sketches and/or pictures of sample
failure cases.

-12-



, .–

TABLE 3

DISTRIBUTION OF DETAIL CONFIGURATIONS

Detail
Family
Number

1

Detail
Family

Besm Brackets

Number
of

Groups

14

Number
of

Con fiqurat ions

125

662

3

4

Tripping Brackets 3

3

4

Non-tight Collars

Tight Collars

36

32

5 Gunwale Connections 2 20

Knife Edges6

7

0

8

5

0

65

35

Miscellaneous Cutouts

8 Clearance Cutouts

9 Deck Cutouts 3

3

5

23

Stanchion Ends

Stiffener Ends

10

11

12

79

32

Panel Stiffeners 6 40

12 TOTAL 56 553

-13-
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FAMILY NUMBER 1 - BEAM BRACKETS

Variations in besm bracket configurations are given in Figure 4
and are grouped according to similar characteristics within the
continuous, corner, end, and transition functional classification of
the bracket. Of the 125 observed variations, forty-fnur geometrical
forms were observed in two or more ship types, and the remaining
eighty-one were observed in only one ship type.

Table 4 gives a summary of both the observed and estimated
sound and failed bracket details as they existed on the ships.
There were no observed failures in the ‘IG” group. Family group “C”
appeared more times during the survey and group “J’9 appeared least.
Although group “C” has the highest number of estimated failures,
the possibility of failure is only 1.5%. Group “J” has the highest
estimated percent failure. All of the group “G” corner brackets were
sound although “l-G-5” had a failure history prior to being modified
from a curved face plate to the straight one.

The distribution of failures along the ship’s length are 10%
for the stern aft of the cargo spaces, 75% for the cargo space length,
and 157. for the bow area forward of the cargo spaces. Heavy weather,
neglect, questionable items, collision, design, and fabrication were
the most fre~ently cited reasons for the failures with heavy weather

given as a contributing factor in two-thirds of the failure cases.
Twenty percent of the failures were caused by factors which could
possibly have been eliminated by the use of a presently congruous
design method relative to the stability of unsupported plate edges
and stiffness transition factors.

Bracket failures which occurred in the ends of the ship were
generally concentrated near the water line where collisions with tugs
resulted in dished side shell plating and straited shell frames.
Other collisions which caused damage to beam brackets include those of
the ship with a pier, possibly another ship or large objects at sea,
and grounding. Additional observations about the surveyed beam
brackets include:

. Little or no correlation between failures and lapped brackets.

Tangency chocks should be at ends of bracket face plate
(group “A”).

. Flat plate brackets and plating panels should be carefully
sized to suit stability calculations.

. Brackets near the water line at ‘fore and aft tug stations
should be strengthened and have a flange.

. Brackets which land on the inner bottun in machinery spaces
and on decks directly under forecastle deck should have
scantlings and/or coating to suit corrosive conditions.

.

,

Longitudinal should continue through transverse bulkheads
rather than through heavy plate brackets (group “B”) which
tend to create a hard spot with cracks in the bulkhead
plating and connecting stiffeners.

-14-
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FIGURE 4

BEAM BRACKETS DETAILS
FAMILY NO. 1

CONTINUOUS

A.

B.

i’ u8

T
11

T 13
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FIGURE 4 - BEAM BRACKETS DETAILS, Family No. 1 (Cent ‘d)
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FIGORE 4 - BEAM BRACKBTS DETAILS, Family No. 1 (Cent’d)
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FIGURE 4 - BEAM BFU+CKXTS DETAILS, Family No. 1 (Cent ‘d)
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FIGURE 4 - BEAM BPACKETS DETAILS, Family No. 1 (Cent ‘d)

.

TR&SITION

1 2 3 4 5 6 7

1 2 3 4 5 6 7

L\\
8

‘ LL&’i
1 2 3 4

-19-



.

!+

d“

$
0
E+

.

*



Face plates should not be butt welded in curved corner
brackets (group “F” ).

Sample failure modes in beam brackets are presented in Figure 5
which sh~s several conditions as they existed on the ships. Cracks
are shown cccurring in ends of face plates, welds, abrupt member endings,
cutouts and in a relatively soft end of a hatch coaming. Buckles are
shown as they existed in deck plating, flat bars reinforced by a
bracket, flat plate corner bracket, curved face plate brackets and a
straight flanged bracket. Three of the sample details have both
cracks and buckles in which one type of failure perpetrated the

appearance Of the other such as in detail 112 where the failure of
the bulb bar added to the bending moment in the flanged plate bracket
and released the lateral supportive forces at the bracket top.

Figures 6, 7 and 8 are photographs of failed beam brackets in a
containership, combination carrier, and a tanker. Figure 6 shows a
flat plate corner bracket that buckled due to low plate critical
stability level and an unusually high end moment created during
heavy weather. The end bracket in Figure 7 has an abrupt ending
which contributed to the appearance of the 13 inch horizontal crack
just above the weld to the deck. Shown in Figure 8 is a flanged
plate bracket that buckled possibly due to a high dynamic head of
water on the forecastle while the ship was being “driven” through
heavy seas.

FAMILY NUNBER 2 - TRIPPING BRACKETS

Tripping brackets used to prevent lateral instability failures
of webs or flanges of longitudinal, beams or girders are placed in
three general groups. Group “A’) consists of single plate brackets
on one side of the web only; group “B” consi$ts of single plate
brackets of the same type located- on both sides of the web: and group
“C” consists of flanged brackets on one side of the web only. There
were no observed cases of flanged brackets on both sides of the web.
Figure 9 is the three general group arrangement of the sixty-six
variations of tripping brackets seen during the survey period and
Table 5 is a summary of observed and estimated data.

The highest failure percentage occurred in group “C” where side
loadings on the supported girders created high stresses at the
connection of the bracket toe to the deck. Resulting cracks occurred
immediately above the weld in the heat affected zone.

Heavy weather and design, followed by a significantly lcwer rate
by welding, misuse/abuse, and collisions, are the most freqyent reasons
cited for the failures. Two or more reasons are frequently given for

a particular failure, such as for detail 2-B-8 where design, welding
and heavy weather apparently contributed to the occurrence of cracks
in the bracket toes. In this case, it was learned from an intervisw
with one of the ship 1s off icers that the ship had recently encountered
a severe storm while the hatches were loaded with three tiers of
containers. This combined loading condition developed stresses in
the hatch and girder brackets that design had failed to back up with
stiffening members under the deck and production had fabricated with
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FIGURE 5

SAMPLE BEAM BRXKET FAILURE MODES
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FIGURE 5 - SAMPLE BEAM BRXKET FAILURE MODES (Cent ‘d)
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FIGURE 5 - SAMPLE BEAM BF.?42KETFAILURE MODES (Cent’d)
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FIGuRE 5 - SAMPLE BEF!M BRACKET FAILuRE MODES (Contid)
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FIGURE 6

FAILED ‘FLAT PLATE CORNER
BRACKET ON A CONTAINERSHIP

r..,-
The buckled bracket is similar to detail 1-C-1.
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FIGURE 7

FAILED END BEAM BRACKET
ON A COMBINATION CARRIER

.

This phot~g’zzY.. ~:_s ;:? =.:! :.? a hatch side....-,.

coaming (detail 1-J–3) on weather deck. The
ruler is oriented for and aft and parallels
the crack in the heat affected zone of the
weld to the deck.
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FIGURE R

FAILED FLANGED PLATE END BRACKET ON A TANKER

The photographer is standing on upper deck and looking

uP tOwa:d forecastle deck. The bracket (similar to detail

1-K-3) IS cantilevered in the transverse direction from
the chain locker bulkhead and attaches to a deck
longitudinal girder on the outboard end. Loading

apparently c~e frOITIon forecastle deck and continued
through the deck girder and into the bracket.
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FIGURE 9

TRIPPING BRACKET DETAILS
FAMILY NO. 2
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FIGURE 9 - TRIPPING BN+CKET DETAILS, Family No. 2 (Cent ‘d)
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FIGURE 9 - TRIPPING BRACKET DETAILS, Family No. 2 (Cent ‘d)
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TABLE 5

SUMMARY OF TRIPPING BRACKETS

OBSERVED ESTIMATED

FAMILY Number Sound % Number Number
GROUP of Details Sound of of %

Details Details Details Failures Failures

A 1024o 10179 99.4 2247o 72 .3

B 6920 6865 99.2 15210 68 .4

c 3480 3282 94.3 7540 218 2.9
L
N TOTAL 20640 20326 98.5 45220 358 .8

.,



>,..–

undercut welds at the bracket toe edges. The cmnbined conditions
resulted in cracks. developing in the heat affected zone.

Conclus ions drawn fmm groups “A” and “B” in Table 5 indicate
that tripping brackets are not necessary on both sides of the web.
Results for individual details support this conclusion. For
instance, detail 2-A-4 has one lateral supporting bracket whereas
detail 2-B–1 has identical brackets on each side of the web. Neither
detail failed. Failures occurred in both details 2-A-6 and 2-B-12
which are identical except for the chock on the opposite side of the
web in detail 2-B-12. This further strengthens the position that
tripping brackets are needed on one side only of a girder subject to
in-plane loading and can also be designed to be effective in the
support of a girder subject to lateral loading.

Twenty percent of the tripping bracket failures were in the
buckling mode due to collisions, corrosion, heavy weather, and
design in descending order of cited frequency. Most of these failures
occurred forward of amidship which suggest that details in the forward
end of the ship which are subject to seawater loading should be given
special attention.

In several of the interviews ship officers stated that the ships
had to SIW dam in heavy weather; that the actual speed is a matter
of judgment with consideration for the safety of the crew, cargo and
ship; and that a trade-off cccurs between repair items and meeting
cargo delivery schedules. Usually the ship was slowed down just
enough for safety but not enough to prevent minor structural damage.
This damage was most noticeable at the bow on forecastle decks and
in structure attached to the forward side shell plating.

Five samples of failed tripping brackets are shwn in Figure 10.
Shown are one case of a buckled bracket and four cases of cracks at
bracket toes. Detail 200 was buckled primarily as a result of severe
corrosion of the flat plate bracket which lcwered its critical buckling
stress level. Detail 201 had a crack that started at the toe of the
bracket and extended in one direction through the shell longitudinal’s
flange and in the other direct ion into the longitudinal’s web and
near the shell plating. Cracks at the toes of detail 202, 203, and
204 were in the heat affected zone of the weld and in detail 204 the
crack had extended into the flexing bulkhead plating which resulted
in a noticeable oil leak between the two compartments.

Figures 11, 12, and 13 are photocopies of failed tripping brackets
on a containership, general cargo ship and a tanker. A weld build-up
was added at the bracket toe of Figure 11 in an historical attempt to
prevent further cracks which later occurred as shcmn. Figure 12
shows a tripping bracket that received impact blows frcm presumtily
rough handling of containers or heavy bulk items. Other structure
within the cargo area of the ship had a similar extensive damage
appearance. Figure 13 shows a buckled flat plate bracket that
supported a deck-house bulwark on a tanker. This apparent impact
damage also included a crack at the cutout in the deck-bulwark corner.
Failed brackets were also present in the cargo oil tanks but their
photographs were not reproducible.

-33-

–- -.—



FIGURE 10

SAMPLE TRIPPING BRACKET FAILuRES
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FIGURE 10 - SAMPLE TRIPPING BRACKET FAILURES (Cent’d)
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FIGURE 11

FAILED TRIPPING BRACKET AT A HATCH
END ON A CONTAINERSHIP

1.

This flanged plate tripping bracket supports a transverse ,“
hatch coaming on main deCk. The picture is of the
bracket toe at main deck where layers of welds have been
added in an attempt to distribute the load in the deck
plate over a larger area. A short crack exists in the
bracket immediately above the weld layers.
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FIGURE 12

FAILED TRIPPING BR?u2KETS SUPPORTING
THE BULWARK AT THE SHELL ON A GENERAL CARGO SHIP

.

,

The photograph is on starboard side looking outboard

and aft. In addition to the obvious battered coaming
and flanges, cracks exist in diverse places in the
brackets at the connections.
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FIGURE 13

FAILED TRIPPING BRACKET SUPPORTING
A DECK-HOUSE BULWARK ON A TANKER

The bulwark is on the forward side of a deck-house. The
buckle in the bracket is due to an impact load on the
bulwark. A crack also exists at the corner weld clearance
cutout where the bottom of the bracket connects to the
bulwark and to the deck.
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In summary, design of tripping brackets on transverse hatch ends
should be carefully considered especially on ships where three tiers
of containers on the cargo hatches are expected; tripping brackets
need not be on both sides of an in-plane loaded web; and landings
of tripping brackets should be on relative strong stiffeners or on
deck locations directly above backup structure. Ship operators can
expect structural failures when the ship is “driven” through stormy seas.

FAMILY NUMBER 3 - NON-TIGHT COLLARS

Thirty-six variations of non-tight collars were observed in
thirty-four of the fifty ships surveyed with failures occurring in
only five ships. The remaining sixteen ships had no non-tight collars.
The thirty-six variations were separated into three general groups in
Figure 14 based on the method of attachment used to connect it to the
through members. GrouP “A” has one connection to the through members;
group “B” has two connections to the through members; and group “C”
has three connections to the through members. Results for each group
is summarized in Table 6.

A very high percent (99.9%) of the details were sound. The
remaining .1% is an estimated thirty-three failures as presented in
Table 7 which gives the distribution according to ship types, location
within the ships, and reasons for the failure of the details. They
were in three different forms as shown in Figure 15 where cracks
existed at the intersection of the collar clips and the cutouts in
two cases and where distortions were present in the web plating and
collar clip in the other case. Detail 300 could reasonably be
considered a failure of the web frame plating rather than the collar.

Form 3 in group “B” (detail 3-B-3 in Figure 14) appeared to be
a historical repair item since the clips were on bottom transverse
web frames at longitudinal where shell framing deflections are
expected to be large during heavy weather. This clip method or a
modified one can reasonably be expected to alleviate the crack
problem around the cutouts. A suggested modification is to add a
radius in the clip at the resulting cutout corner nearest the free
end side of the stiffener flange.

In summary, the physical integrity of the non-tight collars was
very high over the full survey range and a meaningful percentage of
the sparse failures could be attributed to adjacent web plating panel
buckles. One clip method for alleviating cracks around cutouts
appears reasonable.

FAMILY NuMBER 4 - TIGHT COLLARS

All observed tight collars were sound. Figure 16 shows the
thirty-two configurations in the four family groups as reported in the
data of Table 8. Note that group “D” contains slots which accommodate
through members and are considered as “tight collars” in this report.

.

,

Singular collar forms were assumed to be adapted to the type of
vessel service and the construction techni~es used in the building
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FIGURE 14

NON-TIGHT COLLAR DETAILS
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TABLE 6

SUMMARY OF NON-TIG~ COLLARS

OBSERVED ESTIMATED

FAMILY Number No. of % Number
GROUP of

No. of
Sound Sound of Failure %

Details Details Details Details Details Failures

A 6550 6539 99.8 14770 13 .1

B 5700 5700 100.0 11850

1
c 4000

E 3983 99.6 11420 20 .2

ToTAL 16250 16222 99.8 38040 33 .1
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T~I,E 7

DISTRIBUTION Ol? FAILED XON-TIGHT COLLARS

Number Location
Ship Type of Along Ship Failure

Failures Lenqth Cause

Bulk Carriers 10 Aft Questionable

Containerships 4 2 aft, 2 Fabrication/
amidship workmanship

General Cargo 10 Aft Fabrication/
workmanship

Miscellaneous 3 Forward Collision

Tankers 6 Foxward Collision
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FIGURE 15

SAMPLE NON-TIGIKC COLLAR FAILURES
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FIGURE 16

TIGHT COLLAR DETAILS
FAMILY NO. 4
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TABLE 8

SUMMARY OF TIGHT COLLARS

OBSERVED ESTIMATED

FAMILY Number
GROUP of

Details

A 7220

B

c

D

~: :: ,; :s ,,; ,,i

TOTAL 18000 18000 100 55760 0 0

.,



yards.Collarssuchasdetail4-A-11covercutoutsthathaveboth
horizontalandverticalclearancesaroundthethroughangle.Collars
suchasdetail4-B-3enclosecutoutswhichhaveonlyhorizontal
clearances,andthosesuchasdetail4-D-1haveverylittlehorizontal
andverticalclearances.Themajorityofthecollarlugswerelapped
ontotheplatingaroundtheclearancecutouts.Frequentareasofrough
weldsandweldsplattersontransversebulkheadplatingwerefound
aroundthecollarsinthemerchantshipsbutdidnotresultinany
collaroradjacentstructurefailures.

Insummary,theinspectionresultsshowthatallthetiqhtcollars
inthesurvey~erefunctionalandundamaged.

FAMILYNUMBER5 - GUNWALECONNECTION

Throughoutthehistoryofshipdesignandconstruction,
emphasishasbeenplacedontheconnectionofthesideshell
strenqthdeckinanefforttoeliminatetheDossibilitvofa

particula
tothe
crack

propo~ationthatcouldresultinsucha cata&trophics~ructural
failurethattheshipwouldbeultimatelylost.Thisgunwaleconnectio
hasbeenaccomplishedby eitherrivetingorweldingandofthetwenty
gunwaleconnectionsobserved,twelvewereofrivetedconstructionand
eightofweldedconstruction.Theyareshownastwogroupsin
Figure17withdatasummarizedinTable9.

Workmanshipintheexaminedgunwaleconnectionswasexcellent
exceptinoneortwoplacesona fewshipswhereminorvariances
wouldbepresentina weldoverlap.Inonegunwaledetail,a liner
wasintherivetedconnectionbetweentheshearstrakeandthedeck
flatbarasshownindetail5-A-9ofFigure17.

Twoshipshadseverallocalout-of-planedisplacementsabovemain
deckintheverticallycantileveredportionoftheshearstrakeson
bothsidesoftheships.Probablecausesfortheout-of-plane
areasareexcessivecompressivestressesinthegunwale,lateral
forcesappliedbywireropes,orcollisionswithhorizontalobjects
atpiers.Ineveryoccurence,however,platedisplacementswere
inboard.Photographicrecordsoftheweakenedgunwalesincludethose
inFigures18and19.

Oneinterestingaspectaboutthe“B”groupistheamountof
roundnessatthetopedgeorcorner.Excludingdetail5-B-1,the
sharpnessoftheshearstrake’stopoutboardedgerangesfromsquare
indetail5-B-5and5-B-8toa fullradiusindetail5-B-7.
Detail5-B-4hada 5 mm radiusasspecifiedontheshipbcopyofthe
midshipsectionplan.

Deteriorationbycorrosionofthegunwaledetailswasevidenton
theoldercommercialshipsbutwasnotpresentonthenavalvessels.
Group“A”,therivetedconnections,containedcorrodedareaswherethe
rivetshadloosenedduringservice;norivetsweremissing.Other
weakenedeffectssuchasnotchcuts,drainageholesorabrasionswere
notseeninanyoftheconnections.

TheinspectionresultsgiveninTable9 containnumbersrelated
tothesoundandfaileddetails.Totalsshouldbe interpretedby
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FIGURE17

GUNWALECONNECTIONDETAILS
FAMILYNO.5
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TABLE 9

SUMMARY OF GUNWALE CONNECTIONS

I OBSERVED I ESTIMATED I

FAMILY Number No. of % Number No. of %
GROUP of Sound Sound of Failed Failed

Details Details Details Details Details Details

A 58 56 96.5 58 2 3.4

B 42 40 95.2 42 2 4.8

I

~ ToTAL 100 96 96.0 100 4 4.0



FIGuRE 18

FAILED GuNWALE CONNECTION
ON A MISCELLANEOUS VESSEL

Photographer is standing on main deck looking down
at the gunwale. These out-of-plane displacements occurred
in several places along the length of the gunwale on
both sides of the vessel. Cracks were not observed
in the detail which is similar to 5-B-8. The upper part

of the picture shows part of a rope above the ruler.
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FIGURE 19

FAILED GUNWALE CONNECTION ON A TANKER

HANDRAIL

a

KEY TO PHOTO

=

The inward displacements of one to two inches
(as indicated by the folding rule) in the shear
strake extension were present at several midship
and forward locations on both sides of the ship.
The gunwale connection is similar to detail 5-A-7.
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realization that each ship contains only two gunwale details - one on each
side of the ship. Only one failure is given in the table for each failed
gunwale although several places along the gunwale length may have been .

defective. If the percent failure were considered as the failed
segment lengths relative to the total length of all the gunwales,
the calculated percentage would be too small to reveal the gunwale
faults. As presented in the table, the defective bends in the four
gunwales become significant.

In summary, two ships had visible bent places along the length
of their gunwale connections. These were suspected, but unverified,
to be due to exterior abuse rather than to internal stresses from
expected ship operations. Workmanship in these details was excellent.

FPMILY NUMSER 6 - KNIFE EDGES

Knife edges were not found on anv of the fifty ships. This
does not eliminate the existence of knife edges since they are
almost certain to occur in the design and alterations of complex ship
structure. The problem is to locate them on the ship. To detect a
definite “knife” requires a study of the detail structural plans used
in the construction of the ship and in all subsequent structural
nod ifications. This would be extremely time consuming as well as
impossible for a study of this type since the ships do not carry
these drawings with them.

It would normally be expected that most cracks due to knife
edges show up very early in a shiprs life, however, the survey
interviews did not totally confirm this. Statements regarding repairs
involving knife edges crossings were relevant to vessels not included
in the survey. In those vessels most knife edge problems were
allegedly at the terminations of platform decks and bulkheads in and
around miscellaneous tanks, machinery spaces and deck-houses.

FAMILY NWMBER 7 - MISCELLANEOUS CUTOUTS

Functional groups in the miscellaneous cutout family are access
openings, air escapes, drain holes, lapped web openings, lightening
holes, pipeways, wireways, and weld clearances. Sketches of the
miscellaneous details are presented in the eight groups of Figure 20.
The family was deliberately limited to these cases in order to omit
data on unique one-of-a-kind geometrys.

Each individual detail is placed in only one group according
to the detail’s major function irregardless of the number of duties
it may fulfill on the ship. A few details look alike such as 7-A-1,
7-C-13, and 7-E-1, but the primary function is different from group
to group. For instance, detail 7-A-1 has a primary function to
provide access and could in some places have a secondary function as
a drain hole and air escape. Detail 7-c-13 has a primary function
to provide drainage but could also act as an emergency access, a
lightening hole, and an air escape. Thus , because the primary function
changes, the circular cutout is placed in two or more groups.

-51-



A.

B.

c.

FIGURE 20

MISCELLANEOUS CUTOUT DETAILS
FA?IILY NO. 7
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FIGURE 20 - MISCEL~NEOUS CUTOUT DETAILS, Family No. 7 (Cent ‘d)
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Table 10 contains the component numerical results. The w ireways
had the highest percent of sound details, whereas the lapped web
openings and the lightening holes had the highest failure percentage.
Totals for the entire family show a high percentage of sound details;
however, since the family contains numerous details, failures averaged
14-1/2 per ship which is the third most prevalent within the twelve
families. This can be seen in the report summary in Table 16, ,,summary
of Data from Fifty Ships” .

The access openings in group “A” had failures in details 7_A_6,
7-A-8, 7-A-9, and 7-A-11. Except for detail 7-A-11, these were mostly
cracks in steel and aluminum bulkhead plating at two diagonal corners
of each forward doorway inserted in the main deck-house longitudinal
enclosure bulkheads iminediately above the main deck. Detail 7-A-11

appeared in miscellaneous steel bulkheads where cracks originated
at the square corners.

Openings in any beam like structure that develops both shear and
bending stresses require additional consideration in both design and
fabrication. The longitudinal box girders on a containership are
this type of structure. It was evident on the containerships
surveyed that weld repairs had been made to prior cracks adjacent to
openings in the box girders. A possible damaging crack was also
observed in the bulkhead plating at the corner of an access opening
in one of the box girders (Figure 21) . The crack apparently
originated in the weld and propagated a few inches into the ad jscent
bulkhead plating. Workmanship in and around the detail appeared
very good. Corrosion did not appear to be a problem. The crack location
and the detail structural setting suggests the presence of both
excessive secondary bending stresses combined with primary bending
stresses and the presence of a possible weld defect at the start of
a new weld layer. These secondary bending stresses are prcduced by
the resulting shear in the beam or girder and are usually cyclic in
nature due to varying loading conditions and constantly changing
environment. The primary stresses in the structural beam or girder
may be acceptably below the fatigue limit even with an opening added,
but, the secondary bending stress, when combined with the primary stress,
may produce stress levels above the fatigue limit. These unpredicted
stress levels reduce the member’s fatigue life. Eventually a loading
condition, which may have occurred in the past, produces stresses
which result in crack development and propagation. In all designs,

a prudent arrangement of structural openings should be selected and
secondary stress analyses performed. This could eliminate costly
repairs that cccur following delivery. Figure 22 is a picture of
another opening aft of the one in Figure 21. This after opening has a
smaller face plate with intermittent weld. A vertical weld repair is
visable at the top of the arch.

Air holes were relatively free from defects except on containerships
and naval vessels where the failures were due to heavy seas and
corrosion in inaccessible or nearly inaccessible locations,
respectively. Structure behind wireways and vent trunks was frequently
susceptible to corrosion from neglect. One tanker operator suggested
minimizing the number of air holes to reduce coating costs.
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TA8LE 10

SUMMARY OF MISCELLANEOUS CUTOUTS

I I I 1
OBSERVED ATED

FAMILY Number No. of % Number No. of %
GROUP of Sound Sound of Failed Failed

Details Details Details Details Details Details

A 3850 3822 99.3 11120 29 .3

B 16810 16782 99.8 427oo 40 .1

c 49980 49894 99.8 112130 99 .1

D 2190 2171 99.1 4390 24 .5

i?, 17510 17351 99.1 44370 221 .5

F 4010 4000 99.8 10420 12 .1

G 9900 9895 99.9 28240 5 .0

H 148620 148309 99.8 536340 364 .1

TOTAL 252870 252224 99.7 789710 794 .1

.,



FIGURE 21

DEFECT AT AN ACCESS OPENING

IN A CONTAINERSHIP

!k’”! ‘r cl”

The access opening similar to detail 7-A-6, is near the
forward end of the cargo space and in the longitudinal
bulkhead of the box girder. The defect is a four inch

crack in the weld of the coaming to the bulkhead
plating. This detail has a history of repairs - see
text.

-56-



—.

FIGuRE 22

HISTORICAL DEFECT AT AN ACCESS
OPENING IN A CONTAINERSHIP

The access opening is in the same box girder as the opening
in Figure 21. Similar to detail 7-A-6, this opening
has intermittent welds connecting the face plate to
the longitudinal bulkhead of the box girder. The face
plate is smaller than the one in Figure 21. The
vertical weld centered above the opening repaired
a crack that had developed in the bulkhead plating.
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Drain holes were also susceptible to corrosion in locations of
poor access and neglect. Failure causes also include location in
high stress regions, jagged edge cuts during construction or on board
repairs, heavy sea areas in the bow, and collision. Holes in many
ballast tanks, machinery spaces and shaft alleys were inadequate to

.

properly drain water, oil, and mud from horizontal stiffeners as shown
in Figure 23. A close examination of the photo in the figure shows
a thick layer of mud near a drain hole in a horizontal longitudinal
that has a flange extending above the web.

Reasons for failed fabrication laps were not readily apparent.
Heavy weather conditions were suggested as a cause for three or four
cracks at the openings. Most of the cracks, however, were due to a
poor fitting, welding, eccentric forces due to the laps, and other
reasons not apparent in the physical and design detail environment.
A sample of a sound lap detail is shown in Figure 24 which also shows
other miscellaneous cutoutsin this detail family.

Sane lightening holes were in buckled web plating subjected
to heavy sea loading. Some were in obvious regions of high shear and
secondary bending stress. Others were the target area for cracks
emanating from cutouts at web bases. Suggestions in the interviews
were to eliminate lightening holes except in secondary cases where
they are used for drainage and could be used for emergency access and
light penetrations. Ccmments were that they were dangerous in
horizontal structure and that metal at the edges are susceptible to
rapid corrosion. Figure 25 shows a buckled web containing cracks
that intersect a lightening hole. The buckle is not obvious in the
picture.

Pipeways had a few failures due to defective welds, notches in
irregular cut edges and poor design geometries, and improper locat ions
relative to stress patterns in the structure. Most,but not all,
pipeways were in machinery spaces and cargo tanks.

Wireways were free frcm failures except for five cracks in
detail 7-G-3. These cracks were due to secondary bending, welding,
and heavy seas. One was amidship on a containership, three were aft
on a naval vessel and one was aft on a tanker.

Weld clearances had more failed details than any other group
in the family. Configurations 7-H-1, 7-H-5, 7-H-1O, 7-H-11, 7-H-3,
7-H-12 and 7-H-7 contained the defects in numerically descending
order. More cracks were observed in detail 7-H-1 than all the others
combined. Elongated cracks that originated at the cutouts were the
only failure modes. Numerous explanations were cited for the cracks
and include des ign workmanship, welding, corros ion, heavy seas and
collisions. Except for obvious collisions no one factor predominated
as the most influential.

Figures 26 and 27 are pictures of sound and failed weld
clearances. The jagged part of the sound weld clearance in Figure 26
was cut by a hand held torch during fabrication of the tanker. The
cracks in Figure 27 are through the welds on a containership.
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FIGURE 23

INADEQUATE DRAINAGE ON A BULK CARRIER

SHELL
I,ONGITUDINALV

E

E
OPENING

PLAN VIEW

KEY FOR PHOTO

is on the web of an uuturned flanaedThe layers of mud
shell longitudinal in the forepeak tankl The mud c~ated
anode almost obscures the 3“ x 6“ drainage opening located
behind the anode near the shell and in the 16” longitudinal.
The mud is caked to within four inches of the drainage hole.
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FIGURE 24

LAPPED WEB CUTOUTS AND OTHER
STRUCTURAL DETAILS IN A BULK CARRIER

This picture is of !-he upper portion of a web frame
supporting the side shell and forecastle deck.
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FIGURE 25

FAILED LIGHTENING HOLE IN A WEB
FRAME OF A BULK CARRIER

In addition to the diagonal crack originating
at the top and bottom of the center lightening
hole,

E

WEB (BUCKLED)
the panel of plating in the side shell

web franc is buckled. The buckle is not C RAC LIGHTENING
apparent in the picture. HOLE

A

E

2 KEY TO PHOTO
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FIGURE26

SOUNDWELDCLEARANCESON A TANKER

Thephotographshowstwoweldclearancecutsthatwere
obviouslyelongatedwitha handtorchduringfabrication
to suittheshellseamlocation.Thesecutswerein
sideshellframesbetweenforecastleandupperdeck.



FIGURE27

FAILEDWELDCLEARANCECUTON A_CONT~NERSHIP

Thecrackhasbeenreweldedabc)vetheclearancecut
attheendofthefoldingrule. Thecut is ina
bracketedendof a hatchsidec-oaming onmaindeck.



Sample failures in the miscellaneous cutout family are presented
as sketches in Figure 28.

In summary, the family groups contained relatively isolated
defects in all the ship types. Some doorways had cracks in the
surrounding plating at radiused and collared corners when located in
high stressed areas. Air holes were relatively problem free except
in inaccessible places. Drain holes were susceptible to several
problems; however, more are needed in machinery spaces and ballast
tanks. Causes for the few lap failures were questionable. Lightening
holes should be eliminated except where useful for safety and economic
purposes. PipeWay failures were due mostly to locations and
workmanship. Wireways were nearly free from defects. Weld clearance
cracks were most prevalent with many reasons cited for their problem.

FAMILY NoM8ER 8 - CLEARANCE CUTOUTS

Ninety-eight percent of the clearance cutouts shown in Figure 29
were functionally sound. Each cutout detail was placed in one of five
groups according to its geometrical shape or attachment to the
interrupting structural member. Results from this grouping are summarized
in Table 11 and show that groups “B”, “C” and “E” have the highest
percent of sound details, whereas groups “A” and “D” have the highest
percent of failures. Samples of failed detail mcdes are given in
Figure 30.

Group “A” details were generally limited to cutouts in brackets
supporting bulwarks with failures occurring as cracks at the welded
corners of the cutouts. The reduction in shear area is the apparent
cause of these failures.

I

The failures in the group “B” details included those located too
close to other cutouts, corrosion, and weld undercuts. Figure 31 is

a ph0t09raph sh~ing a cutout located too close tO a deck aCCe SS
opening.

Heavy weather and rough fabrication cuts were the probable causes
for the cracks developing in the configurations of details 8-C-2,
8-C-3, 8-C-5.

Group “D” experienced the highest number of observed failures.
It also included the largest number of observed repairs. Failure
cracks were prone to be at the angle heel corner of the cutout
and were considered to be primarily due to high notch factors.
Figures 32 and 33 are illustrations of the failure mode. Both
figures show a short crack that has started at an angle heel. Rewelding
the crack does not appear to be the best repair technique as verified
by the picture in Figure 34 which is of a clearance cutout in a web
frame. The cutout permits passage of a side shell longitudinal. TWO
almost parallel weld beads originated from a corner of the cutout and
reveals a history of cracks. Beads of welds where cracks had possibly
occurred were relatively common on a few ships. At times, something
extra, such as a pad or a flat bar stiffener similar to the one on the
web frame, had been added in an effort to prevent future cracks.
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FIGURE 28

SAMPLE MISCELLANEOUS CUTOUT FAILuRES

BOTT SH’=LL

O.T 61-ID VNE5

DET MC 100
TANKER
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(Cent ‘d next page
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DET MC 101
TANKER

l----
w&—
I DOORWAY

MISC NT 8HD ~

DET MC 102
NAVY

)
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FIGURE 28, Sample Miscellaneous Cutout Failures (Control)

ELEV

DET MC 103
GENRL CARGO

SHELL LONGL

DET MC 105
COMB\ NAT\ON C ARR\ER
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FIGURE 29

CLEARANCE CUTOUTS DETAILS
FAMILY NO. 8
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TABLE 11

SUMMARY OF CLEARANCE CUTOUTS

OBSERVED ESTIMATED

FAMILY Number No. of % Numb er No. of %
GROUP of Sound Sound of Failed Failed

Details Details Details Details Details Details

A 42o 384 91.4 700 40 5.7

B 622o 6190 99.5 14450 37 .3

c 9040 8965 99.2 362oo 97 .3

D 14080 13487 95.8 47200 792 1.7

E 18750 18663 99.5 64050 110 .2

TOTAL 4E51O 47689 98.3 162600 1076 .7

\
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FIGURE 30

SAMPLE CLEARANCE CUT FAILURES

BULWARK
AT MIDSHIP DKNSE

DET CC 102
GENW CARGO

TRANS WEBS

DE-T CC 101
COMB\ NATION CARRIER

WEB FRAME
IN FV.ID DEEP TANK

.
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FIGURE 31

FAILED CLEARANCE CUT AT AN ACCESS

OPENING ON A COMBINATION CARRIER

TRANS BHD

r

/ DECK
a
z

CCESS
OPENING

g

v
PLAN VIEW

KEY TO PHOTO

The view is looking down at the side of an access
opening in a platform deck aft but forward of the
machinery space. The crack is between the clearance

cutout , detail 8-B-2, and the larger access opening.
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FIGURE 32

FAILuRE MODE FOR GROUP “D” CLEARANCE
CUTOUTS ON A COMBINATION CARRIER

The view is of a detail 8-D-6 cutout around a shell
longitudinal piercing a transverse web frame. The

cracks at these cutouts are invariably in the plating
at the through stiffener heel.

WEB FRM37

KEY TO PHOTO
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FIGURE 33

FAILURE MODE FOR GROUP “D” CLEAR~CE
CUTOUTS ON A TANKER

E3J
VE TICAL

g
DEEP
EB

~

H FWD

KEY TO PHOTO

The view is of a detail 8–D-6 cutout around a
horizontal stiffener piercing a vertical web on the
transverse oil tight bulkhead. The expected failure

mode is a crack in the plating at the stiffener heel.
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FIGuRE 34

REPAIRED cLEARANcE CUT FAILuRE
ON A COMBINATION CARRIER

Photograph shows rewelded cracks in web of side shell
web frame in forward cargo hold - combination carrier,
(see key plan below). Item with 45 chalk number is a
wooden batten over shell longitudinal.
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KEY PLAN FOR PHOTO



Group “E” had the largest percentage of non-failures (99.8%) .
The remaining small percentage (.2%) of the group that experienced
failures were limited to details 8-E–2, 8-E-5, 8–E-6, and 8-E-7 and
were found on bulk carriers, combination carriers, contain erships,
general cargo ships and tankers. Cracks occurred at the cutout
corners particularly at the angle heel side as shown in Figure 35.
In one unusual case a crack was in between the two corners as depicted
in Figure 36. Another photograph of a failed group “E” cutout is
in Figure 37.

A suggested improvement in group “E” designs is given in
Reference 6, which suggests that a desirable ratio of corner radius
to opening width is from one-fourth to one-eighth for minor openings
in ship steel structures.

A recent study (<eference 7) of cracks around clearance cutouts
indicated that vibration of bottom transverses was one failure cause,
in addition to effects frcm fatigue and stress distribution patterns
around the cutouts. Shipboard physical environment and loading
patterns are also significant as indicated from the results of this
survey.

In summary, each cutout group had failures, however, sound
details made up over 98% of the total cutouts. Failures were in the
cut plate at the welded corner in those details that had no web
connections to the through structural shape. Most failures, however,
were in the form of cracks in the web plating at the through angle
heel corner. Failures were present in all the ship types.

FAMILY NUMBER 9 - DECK CUTOUTS

The twenty-three deck cutouts are shown in three groups in Figure
38. There were only twelve failures in the 6030 observed details.
Table 12 is a summary of the collected data.

Groups “A” and “B” are relatively small deck openings that are
normally used for access. Group “A” has openings with the surrounding
deck plate edges unsupported except by a stiffening member a few
inches from the hole. Group “B” has the plate edges supported by a
flat bar either centered with, or on one side of, the deck platin9.
Sample deck cuts and failure modes are shcmn in the photographs of
Figures 39 and 40.

Group “C” configurations are deck cuts at corners of large hatch
openings. Existing failures in this group were limited to detail
9-C-2 which has a notch cut in the corner radius to allcm the heel of
vertical cell guides for containers to be recessed into the corner.
This improperly designed corner contained cracks in the strength deck
which originated from the indention and had progressed about ten
inches as shown in the photograph of Figure 40.

A critical historical failure originated at the radius corner of
a forward hatch opening in a containership. A crack appeared in the
main deck plating at the forwardmost starboard hatch corner and grew
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FIGuRE 35

FAILED GROUP “E” CLEARANCE
CUTOUTS ON A BULK CARRIER

KEY TO PHOTO

The view is of detail 8-E-2 cutouts in a side shell web
frame which allows passage of the through shell
longitudinal in the forward deep tank. Cracks that
continue from cutout to cutout parallel the paint marks.
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FIGURE 36

UNUSUAL CRACK AT A GROUP “E”
CLEARANCE CUTOUT ON A BULK CARRIER

EiGE
WEB FRAME

CRACK
A
d
W
Z
m CRACK NOT

w SHOWN

KEY TO PHOTO

The fourteen
detail 8-E-2
in Figure 34.

inch crack is in a side shell web at a
cutout in the same forward deep tank as

Note the deterioration due to corrosion.
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FIGURE 37

FAILED GROUP !IE],CLEARANCE

CUTOUT ON A TANKER

The cutout is in a shell web frame between upper and
forecastle decks. Flaked paint indicates the crack
in the web plating at the through angle heel.
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FIGURE 38
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TABLE 12

SUMMARY OF STRUCTURAL DECK CUTS

OBSERVED ESTIMATED

FAMILY Number No. of % Numb er No. of %
GROUP of Sound Sound of Failed Faile

Details Details Details Details Details Detai

A 263o 2629 100.0 384o 1 .

B 249o 2485 99.8 3900 -1 .

!I c 910 904
y

99.3 1920 6 .

TOTAL 6030 6018 99.8 9660 14 .



FIGURE 39

SAMPLE DECK CUTOUT oiv A TANKER

The picture is m the forward end of a main cargo tank
access opening in upper deck. This particular tank
“::asrelatively free from corrosi:.,n but note the renewed
i~lts holding the clips to the ladder.

This opening,
=:T,ilar to detail 9_7+_p,, has no fal~ure
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FIGURE 40

L

LONGL

FAILED HATCH CORNER ON A COMBINATION CARRIER

HATCH a
VEI

— CONTAINER GUIDERAIL

~ CRACK
PLAN VIEW

KEY TO PHOTO

This view is looking down at a radius hatch corner
similar to detail 9-C-2. A notch has been cut in the
deck plating to accommodate the vertical container cell
guide. A ten inch crack in the plating originated
at the notch.
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several feet in length to within three feet of the s~,ell. The repair
included replacing the hatch corner deck plate with a higher strength
material and adding a reinforcing longitudinal girder. Outboard of
the new plate the crack was rewelded as shown at the outboard end
of the folding ruler in Figure 41. The folding ruler is laying on
the new plate in the approximate location where the crack existed
between the hatch corner and the rewelded portion of the crack.

In summary, emphasis should be placed on the configuration of all
openings in the strength deck. Even with the small number of failures
observed, it should be remembered that only one crack propagating in
a strength deck can lead to a catastrophe.

FAMILY NOMBER 10 - STANCHION ENDS

The seventy-nine observed stanchion ends were placed in three
groups; (A) includes the connections at the top of the circular
stanchions, (B) includes all of the stanchion bottom connections, and
(C) includes all of the connections at the top of “H” stanchions,
These groups are shown in Figure 42 with a summary of the numerical
results presented in Table 13.

The summary of numerical results show the highest observed
failure rate (2.2%) in the group “A” details. In general, cracks
developed in or at the connect ions to the attachment structure,
although in a few cases local indentations were observed in stanchions
near their ends. All of the stanchions were straight and in plane
except for one ship where exposed stanchions were distorted from
horizontal impact loads.

Defects were observed in details 1O-A-1, 1O-A-2, 1O-A-12, 1O-B-9,
1O-B-21, 1O-B-22, 1O-B-24, 1O-B-25, 1O-C-1, and 1o-C-5 inclusive.
Connections to the main deck-house on containerships and tankers
accounted for most of these details. Detail 1O-B-9 is the bracket
connection between two container stands and in every case where they
were oriented fore and aft on the main deck of a ship, the welded
connection between the brackets was cracked.

Sample failure modes, depicted in Figures 43, 44, and 45, show
tension failure due to an unusual design ccmbined with a heavy side
shell load, and cracks and buckles due to relative motions between
main deck-houses and the side shell. Figure 44 contains a photograph
of the crack problem noted above for detail 1O-B-9. Figure 45 is a
distorted stanchion on a general cargo ship.

In summary, the major portion of stanchion end failures occurred
in deck-house connections, in container stand brackets, and at the ends
of exposed pillars on a cargo ship. The design for the container
stand brackets should be modified to delete the notch effect at their
intersections . Cracks associated with deck-house stanchion connection
should be analyzed in relation to interactive motions between the
deck-house and ship.
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FIGURE 41

HISTORICAL CRACK AT A HATCH
CORNER ON A CONTAINERSHIP

This view is on the starboard side of the ship and
looking down on the main deck plating outboard of
the forward corner of No. 1 main cargo hatch. The
folding ruler is on the renewed deck plating and in
the approximate location where the crack existed
outboard of the hatch corner. Note the rewelded
portion of the crack at the outboard end of the
ruler.
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FIGURE 42

STANCHION END DETAILS
FAMILY NO. 10
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FIGURE 42 - STANCHION Em DETAILS , Fc~il Y No. 10 (Cent ‘d)
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FIGuRE 42 - STANCHION ENO DETAILS, Family No. 10 (Cent ‘d)
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FIGURE 42 - STANCHION END DETAILS, Family No. 10 (Contld)
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TA8LE 13

SUMMARY OF STANCHION ENDS

—

—

&
m —

—

OBSERVED ESTIMATED

FAMILY Number No. of % Number No. of %
GROUP of Sound Sound of Failed Failed

Details Details Details Details Details Details

A 2040 1995 97.8 248o 57 2.3

B 3140 3097 98.6 3970 45 1.1

c 1090 1080 99.3 1470 10 .5

TOTAL 627o 6172 98.4 7920 112 1.4

I



FIGURE 43

SAMPLE STANCHION ENO FAILURES

-89-



FIGURE 44_—...

FAILED STANCHION END BRACKET
CONNECTION ON A COMBINATION CARRIER

. ,: .“:, -,,

-.. , .,. d ../

4“
U&

-TO PHOTO

View on weather deck 100kirlg outboard at the
intersection of two container stand brackets, similar
to detail 1O-B–9. The crack originated at the vee

notch and continued through the weld to the deck
plating.
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FIGuRE 45—

DISTORTED STANCHION ON A GENERAL CARGO SHIP

The stanchion supports equipment on a miscellaneous
deck-house. Distortions in the flanges appear to be
due to direct impact loading. Note the crack in the
right hand flange near the top of the stanchion.
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F.AMILY NUMBER 11 - STIFFENER ENDS

In general, failures associated with stiffeners occur at the ends
in the web of the stiffener or in the attached plate. For the purpose
of classification, the stiffener ends included in this family are the
ends of load carrying structural angles on tees that are attached to
panels of plating. Thirty-three variations were observed and placed
in one of the four groups shcwn in Figure 46. A summary of the numer icsl
data is given in Table 14.

The overall success record of the 30,760 observed stiffener ends
was 99.3%, hmever: the remaining 0.7% consisted of 229 failures with
numerous causes which are attributed to shear, combination tension
and shear, design, heavy seas, neglect, collisions, and tension in
descending order.

The variations depicted in details 11-A-1, 11-A-2, 11-A-3,
11-A-5, 11-A-7 , 11- A-9 and 11-B-1 contained over one-half of tine total
failures in the entire family. All of the seven variations were
designed to perform the same function, however, when located on the
forecastle enclosure bulkhead adjacent to main deck each variation
sustained one or more failures. These details appear to have minor
failures when located in other areas of the ship except at cargo,
fuel or ballast tanks .

Failure modes at the stiffener ends were cracks in the stiffener
web or in the stiffened bulkhead plating adjacent to the stiffener
end, except for a few cases where stiffener webs were buckled or
twisted. Sample failures shown on the sketches in Figure 47 include
sniped stiffener webs on oil tight bulkheads. These sniped web
stiffeners shown ii detail 1101 were frequently associated
with leaks in tank boundary bulkheads when used as the end configurations
for stiffeners with relatively long spans. Other examples of cr;cks
at stiffeners ends are depicted in Figures 48 and 49.

Failure distributions were 10% in the stern, 83% in
or cargo area and 7Y. in the bow.

Note the similarity to the distribution of 87., 82%,
respectively for the total detail family failures. This
correlation between the total percentages and an individual family.

the midship

and 100%,
is the closest

In summary, several different variations were used for similar
structural arrangements among the ships with snipe ended stiffeners
frequently associated with cracks in tank boundary bulkheads.

FAMILY NUM8ER 12 - PANEL STIFFENERS

Panel stiffeners include those structural angles, tees, and flat
bars welded to large panels of plating for the explicit purpose of
preventing local instability of the plate. They are non-direct load
carrying members . According to its shape and the function of the
structural member it is attached to, each of the forty observed
variations has been placed in one of the six groups shown in Figure
50. Numerical data is summarized in Table 15.
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FIGURE 46

STIFFENER END DETAILS
FAMILY NO. 11
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FIGURE 46 - STIFFENER END DETAILS, Fanily No. 11 (Cent’d)
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TABLE 14

SUMMARY OF STIFFENER ENDS

OBSERVED ESTIMATED

FAMILY Number No. of % Number No. of
GROUP

%
of Sound Sound of Failed ra iled

Details Details Details Details Details Details

A 22080 21938 99.4 55950 180 .3

B 3370 3334 98.9 6940 44 .6

c 610 603 98.8 1230 8 .7

D 4470 4426 99.0 10330 56 .5

E 230 230 100.0 580 0

TOTAL 30760 30531 99.3 75030 288 .4

I
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FIGURE 47

SAYIILE STIFFENER EIW FAILURES
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FIGURE 47 - SAMPLE STIFFENER END FAILURES (Cent’d)
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FIGURE 48

FAILED STIFFENER END ON A cOMBINATION CARRIER

The view is looking forward with the deck above as
forecastle deck. The crack in the horizontal stiffener’s
web completely detached the stiffener from the longitudinal
bulkhead plating. Note that the stiffener’s flange is
sniped as in detail 11-A-7.
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FIGURE 49

FAILED STIFFENER END ON A TANKER

Photograph shows a crack in a transverse bulkhead
horizontal stiffener web at the connection to a bracket
plate on the longitudinal bulkhead - tanker. See
key plan below and Figure 47 detail 1100. Crack is
encircled with white paint. The stiffener end is
similar to detail 11-D-5.
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FIGURE 50

PANEL STIFFENER DETAILS
FAMILY NO. 12
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FIGURE 50 – PANEL STIFFENER DETAILS, Family No. 12 (Cent’d)
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TABLE 15

SUMMARY OF PANEL STIFFENERS

OBSERVED ESTIMATED

FAMILY Number No. of % Numb er No. of
GROUP

%
of Sound Sound of Failed Failed

Details Details Details Details Details Details

A 13100 13015 99.4 32940 93 .3

B 9610 9592 99.8 25110 21 .1

c 15140 15100 99.7 37220 48 .1

D 1370 1270 92.7 3000 125 4.2

E 430 420 97.7 670 12 1.8

F 380 372 97.9 650 9 1.4

TQTAL 40030 39769 99.3 99590 308 .3



Of the 40,480 details observed in this family there were only
261 (0.6%) failures. Individually, however, group “D” had the most
observed failed details (100) and the highest percentage of failures
(7.3%) . The large number of failures in this group is attributed
to collisions or impact from large objects which resulted in loadings
not anticipated in the design stage. Unnecessary fabrication notches
also contributed to some of the failures . Failure modes associated
with panel stiffeners are shown in Figure 51 which includes a crack in
the attaching welds. in a stiffener end, and in plating at a stiffener
end. Weld cracks in detail 1200 were due to inadequate welding and
possibly elongation of the longitudinal corrugated bulkhead while the
ship was in a seaway. In detail 1201, the crack resulted from the
interaction of the shell longitudinal and panel stiffener at a cutout
in the web frame in conjunct ion with the possible concurrent swashing
loads from oil in the tank. Cracks in detail 1202 resulted from
lateral distortion of the shell frame during a collision.

The photograph in Figure 52 shows a crack similar to detail
1201 in Figure 51. These cracks occurred on the bott~m of cargo
tanks as well as at mid depth. Figure 53 shows a buckled flat bar
stiffener which has been subject to an unusual and local horizontal
load on a miscellaneous bulkhead. Figure 54 contains a photograph of
a reinforced panel stiffener on a transverse hatch coamway.

In summary, the most predominate cause of failures in panel
stiffeners was collisions which distorted the stiffened plating.
Detail 11-c-3 and possibly 11-c–4 through 11-c-9 should be strengthened
at the connection to the longitudinal. Notches similar to the one
in detail 11-A-8 should be avoided.

SUMMARY OF RESULTS

The data in this report were collected in a one year period.
Twelve selected details used for structural connections were surveyed
on fifty different ships in seven repair yards in the United States.
Ships included in the survey were four Bulk Carriers, five Combination
Carriers, twelve Container ships, five General Cargo, thirteen Tankers,
nine Naval, and two Miscellaneous. The service age of the ships
ranged from four to eight years and eleven to thirty years with
the largest number of failures appearing in the ships with fourteen
years service. The histogram of ship failures versus service age in
Figure 55 shows that no conclusive age-failure pattern exists in this
group of surveyed ships and indicates that correlation of age to
failure is less significant than design, fabrication or maintenance.

The twelve details selected for survey were beam brackets,
zripping brackets, non-tight collars, tight collars, gunwale connection
knife edge crossings, miscellaneous cutouts, clearance cuts, stanchion
ends, stiffener ends, and panel stiffeners. These twelve details
evolved into twelve families which included fifty-six groups of
configuration variations. The twelve groups contained 553 distinct
Setail variations. Table 16 is a summary listing the total number of
ietails and detail failures observed for each family. Additionally,
zhe table includes the estimated total number of details and detail
Eailures that could be anticipated on the fifty ships.
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FIGURE 51

SAMPLE PANEL STIFFENER FAILURES
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FIGURE 52

PANEL STIFFENER FAILURE ON
WEB FRAME OF A TANRER

SHELL

T

. —

LONGL TRANS
WEB

PLAN VIEW FRAME

KEY TO PHOTO

The photograph shows the connections of a detail 12-c-3
panel stiffener to a shell longitudinal at mid depth
of the carqo tank. Encircled bv white Daint, the crack
is in the heat affected zone.
offset about 1-1/2 inches from
of the shell longitudinal.

-lo5–

~ote the-stiffener is
alignment with the web
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FIGURE 53

BUCKLED PANEL STIFFENER ON A GENERAL CARGO SHIP

The photograph shows the buckled position of a detail
12-c–5 flat har panel stiffener on a girder web. The
26” x 4“ girder was laterally displaced resulting in
the buckled panel stiffener.
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FIGURE 54

REINFORCED PANEL STIFFENER
ON A CONTAINERSHIP

The vertical sniped flat bar panel stiffeners are on a
transverse hatch side coaming. Reinforcement of the
panel stiffeners to alleviate cracks at the ends was
by an addition of a flanged plate which makes the detail
into a tripping bracket. Visible in the upper right
corner of the picture is a horizontal crack in the
hatch cover side immediately below two attached container
tie down fittings.
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FIGURE 55

SERVICE FAILURE RATE
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TABLE 16

SUMMARY OF DATA FROM 50 SHIPS

OBSERVED ESTIMATED

FAMILY DETAIL FAMILY No. No . % Total No. Total No.
No. NAME

%
Details Failures Failures Details Failures Failures

1 Beam Bracket 50750 888 1.75 113580 1297 1.14

2 Tripping Bracket 20640 314 1.52 4522o 358 .79

3 Non-Tight Collar 16250 28 .17 38040 33 .09

4 Tight Collar 18000 0 0 55760 0 0

5 Gunwale Connection 100 4 4.00 100 4 4.00

6 Knife Edges o 0 0 0

-i Miscellaneous 252870 646 .26 789710
cutouts

794 .10

a Clearance Cutouts 48510 821 1.69 162600 1076 .66

9 Deck Cutouts 6030 12 .20 9660 14 .14

10 Stanchion Ends 627o 98 1.56 7920 112 1.41

11 Stiffener Ends 30760 229 .74 75030 288 .39

12 Panel Stiffeners 40030 267 .67 99590 308 .31

TOTALS 490210 3307 .67 1397210 4284 .31



.. _,.

A total of 490, 210 details were observed during the overall survey
period with a total of 3,307 failures . Eighty-two percent of the
observed failures were located in the midship portion of the ship,
predominately in structure adjacent to the side shell. The remaining
18% observed failures had a distribution of 10% forward of the cargo
spaces and 8°% aft of the cargo spaces. Table 17 is a listing of the
twenty detail variations that had either the most observed failures or
highest percentage of failures. They are listed in two columns of
ten each in descending order of participation. The detail variations
are identified by their assigned position in the individual families,
i.e. , the first number(s) is the family number, the letter is the
group number and the last number (s) is the variation number.

Figure 56 depicts each detail variation, by family, that had an
observed failure. Directly below each sketch is the calculated failure
percentage. Failure types and locations are indicated by (+) for a
buckle and (-) for a crack.

The appendix of this report includes tabulations of all of the
numerical data for each detail variation observed in the survey.
These data, in conjunction with photographs and shipboard interviews,
were used in the development of the synthesis presented in the report.

CONCLUSIONS AND RECOMMENDATIONS

The data presented in this report were collected from on board
inspections of fifty ships of various types. Operating service of
these ships ranged from four to thirty years. The service
performance of the twelve structural detail families was obtained from
visual inspections , interviews with ship personnel, and review of
repair specifications .

The twelve structural detail families were found to be 99.33%
sound. The remaining 0.67%, however, represents 3,307 observed
failures (4,280 estimated). This is an average of sixty-six observed
failures per ship (eighty-six estimated) .

No conclusions are made for any one of the 553 observed detail
variations. Since many of the variations occurred only a few times,
the survey data was synthesized by family groups and not ship types.
Itemized . tabular sheets containing data for each detail variation
are included in the appendix to aid the engineer or designer in the
selection of detail configurations.

Several of the detail families resulted in damage in the forward
shell and forecastle areas of the ship. Damage of this type results
from “driving” the ship at high speeds in heavy weather. Interviews
with ship personnel indicated that this type of operating condition
is necessitated by delivery schedules. With the uncertainty of the
slamming loads produced by such conditions , extreme care should be
used in the selection and design of all structural connections in
the forward areas of the ship.

Fabrication techniques should be used that ensure proper continuity
of structural parts and welding so that notches, jagged edges, or
under-cut welds will be minimized. Ship owners and operators could
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RANK

1

2

3

4

5

6

7

8

9

10

TABLE 17

.
‘P3P TEN FAILED DETAILS

MOST PREVALENT

Details
Number

8-D-6

7-H-1

l-c-l

2-c-22

8-D-5

11-A-1

7-E-I

l-c-2

12-D-4

8-C-2

No. of

Failures

420

224

153

124

124

96

94

86

80

72

%
Failures

4.8

.8

2.3

20.7

4.6

1.7

.6

2.2

20.0

6.7

HIGHEST PERCENTAGE

Details
Number

1O-B-9

12-A-7

2-c-13

1O-B-24

9-C-2

lo-c-5

l-K-4

11-c-6

l-J-4

2-A-9

No. of
Failures

30

10

60

6

6

6

16

7

16

15

%
Failures

100.0

100.0

60.0

60.0

60.0

60.0

40.0

35.0

32.0

30.0



FIGURE 56

DETAIL VARIATIONS WITH oBSERVED FAILURES—

FAMILY NUMBER 1 - BEAM BRACKETS

.8% 25.0% 3.6% 3.3%

‘-TTTT
4.0% 1.7% 4.3% 1.5%

.4% 8.0% 3.5% 12.3%

3 .3”% 1.1%

2.3% 2.2% .6% .6% 1.0% .6% .5% 2.5%

1.7% 1.0% 5.6% 1.4% .6% 20.7% 7.5%
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D.

F.

H.

F~ILy ~~ER 1 - BEAM BRACKETS (Cent’d)

~y
E.

F

12

6

5.0% 2.0% 3.3%

rl———+

8

2.0%

2.4% 2.8% 4.3% 6.0%

2.7% 3.3% 2.5% 2.2% 3.3%

2.2% 20.0% 40.0% 1.2%

3.3% 10.0% 4.0%

1 2 4

8.9% 7.9% 8.0% .3% 4.9% 1.9%
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FAMILY NuMBER 1 - BEAM BRACKETS (Cent ‘d)

.-~~w ‘fi,,

. .7 1

\

+

4
J. J,

12.5% 16.2% 5.0% 14.4% 20.0%

FAMILY NOMBER 2 - TRIPPING BRACKETS

‘hL&.bJ L F(

3 5 6 10
20

9

20.0% 3.3% .7% 30.0% 1.8% 10.0%

1.5% . 2%

12 15

2.8% .6%

a ilk
18 19

4.0% 1.1%

L.
2 / :,%25.0%

QdiI!L
12 13

25.0% 60.0%

5

1.2%

14
12.9%

6 7 8

11.4% 6.8% 23.1%
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FAMILY NUMBER 3 - NON-TIGHT COLLARS

‘“ p/g/~/ c- “q ~ -q_~

3
15 17 10 12

2.9% 3.3% 3.1% .6% 6.7% 10.0% 1.2%

FAM1 LY NoM8ER

F

‘>+

7

11.1%

5 - GUNWALE CONNECTIONS

“B”./+k8
20.0%

CUTOUTS

B. _

.7% .3%

1.0% 1.3% 16.0% 11.7%

‘ . !/(!Lnl n] G! !- J &
1 3 4 ,/y~ ,,

.9% .3% . o% .1% 20.0% 20.0% 2.5%

3.

$?@

1 7’ \. +~
\
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‘ :4, fl-

/,/

,7
— J\\+ ‘,/

1 2 1
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FAMILY NUMBER 7 - MISCELLANEOUS CUTOUTS (Cent’d)

.1% .3% .3% 20.0%

H
G. a-.

3

.1%

‘. &j/ --~ ‘-(1- f@-~ * &7-//~-’,! 5 7 ,0 ,, ,2\
.8% .4% .3% .1% .1% 10.0% 1’.5%

FiJ.lILYNUMBER 8 - CLEARANCE CUTS
A. –

T ‘ ~,q,
c q~q

\/ 6.7% .3%
;;%p ~jl%

5
1.1% 4.3% 4.6% 4.8%

FAMILY NUMBER 9 -

3

.3%

DECK CUTOUTS

B. ~ ~7(

1 3
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FAMILY NUMBER 10 - STANCHION ENDS

‘“lirT-I!iriI 1+~
12

20.0% .2% 10.3%

‘“-#!5A.l!!jfLiJluL4
2

9

.2% 100%

21 22 24 25

5.U% 2U.0% 60.0% 10.0%

20.0% 60.0% 10.0%

FAMILY NUMBER 11 - STIFFENER ENDS I I

‘2T!lvmlTnrhmlITIT
6 7

52 3

1.7% .6% .5% 2.5% 6.3% . 2%

.5% .1%
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.FAMILY NUMBER 11 - STIFFENER ENDS (Cent ‘d)

2.5% 1.5% .6% 1.7% 10.0%

4 5

1.7% 1.8%

FAMILY NUMBER 12 - PANEL STIFFENEX

‘“ pl H 1-1 + Fq +1 3 6 7

4.2% . .2%

3

1.2% .2%

.7% 100% .6% 1.1%

4.3% .3% .5%
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FAMILY NOMBER

D.

1
—,

—

12 - PANEL
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lL-

STIFFEiTERS (COnt’ d)

2 4

3.6% 20.0%

10.0%

1 2 3 5

1.7% 1.4% 5.0% 2.2%
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eliminate sane structural failures if they maintained protective
coatings on structures subject to the corrosive action of the ocean
environment.

The design of openings in “girder-like’” members should include
secondary bending stress analyses in the areas of the openings to
ensure proper sizing of shear areas and face plates. The repetitive
type cracks observed in these areas during the survey should be
reduced with this type of design procedure.

Each of the twelve families included detail variations which
shcwed no signs of failure. These detail variations should provide
guidance in the selection of structural detail configurations in
future designs and repairs. It was apparent that many of the detail
variations were well designed, and probably the preference of
individual design offices, while others were the results of an exigent
situation.

The importance of the selection, design, fabrication, and
maintenance of structural detail connections cannot be overemphasized.
References 8 through 16 contain information on data germane to the
subject of structural failures and are included as recommended
resource material.

Projects of this type are extremely beneficial in providing
“feed-back” data to the engineer and designer who develops a design
and never receives the performance data that is needed for future
design improvements, growth, and increased confidence. Systematic
projects of this type should be a continuing effort and conducted on
all areas of the ship with the synthesized data made available to
design and repair offices.

It became apparent in the course of this project that ship
operators exhibited reluctance in permitting access to their ships
when “survey” was suggested since the regulatory bodies also conduct
“surveys”. It is, therefore, recommended that in future studies the
word “performance” be substituted for the word “survey” .

The summary of data from 50 ships, Table 16, includes estimates
of the total number of details on the ships. These estimates were
included to give an indication of the accessibility of all the details
on ships undergoing normal maintenance and repairs. Many
compartments are inaccessible, loaded with cargo, or outfitted such
that details cannot be seen. These estimates were not arrived at by
formulas. Since the conditions of each ship were different,
the estimates are intuitive based on the surveyor’s experience and
familiarity with the structural design of the various ship types.
In many cases, less than 50% of the details were accessible, it is
felt that more ships should be surveyed in an effort to develop a
sufficient data bank for conducting statistical analyses.
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APPENDIX

Compilation of Performance Data for 553
Observed Structural Detail Variations

This appendix contains a table of failure data arranged by
family groups for each of the detail variations observed in the
survey. Both observed and estimated results for the various ship
types are presented. The “Failure Mode” and !,Failure C, WSenI COILNIUIS
are postulated by the use of appropriate identification numbers
listed in “Notes” (C) and (D) at the bottcm of each table. A
design office or repair facility can use this reference material in
select ing the most economical and appropriate configuration for a
particular loading condition and structural arrangement.

.
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TABLE A-1 EJTTA3LFAMILY: BEAM BIW2KETS

WAmOfi oN mm Numberof Number of Total Percent

‘1

Sound Failed limber Failure
SKIP TfRE Details Details Rtai 1s

Obsem.ed Observed Observed

FWd
K 1::

30
Naval 140

Aft 40 40
Fwd 20 20

Taval M 110 110
Aft 30 30
FWd 240 240

Naval M 1680 1680
490 490

FWd 120 120
Naval E 510 510

.&t 200 200
KWd

tdiscel.kneous~ 40 40
Aft
FWd

Tanker M 198 2 200 1.0

IWd
Tmnker M 45 15 60 25.o

Aft
FWd 50 50

Naval II 270 270
Aft 90 90
Fwd 40 4U

Naval N 240 24o

Aft , 70 70

Fwd 20 20
Tanker M 56 4 60 6.7

Aft 30 30
Pad

SeneralCargo fi
Aft 29 1 30 3.3

FWd 30 30
I?aval !-l 90 90

Aft 20 20
Fwd

Naval II 70 70

Aft
Pad

Tanker )-J 26 4 30

Aft

stimated;~etail FailureFailure
stail.s

Family
lbde cause

3 ship
Number

50
360 l-A-l
90 T

40
280 l-A-2
80.. T

u
42OO l-A-3
1220 T

700
14@o l-A-4

a

7
400—

_ T

.:.
100 1 A-5

52o l-A-5 1 11

130 l-A-6 1 8,11,14

110
. Y

?

72o’ l-A-7
270
90

63Q l-A-8
180 T
o

120 l-A-9 1 8,13
40 T

1-A-1O
30 1

,3 v

2% 1-A-11
q=

40

160 l-B-l
T

50 l-B-l 1 13

NOTES:
(A) The above continuedtable gives infer- (D)Frobabledetail?ail.urecausesare estimat-
mationrelatedto individualdetaildesigns ed to be a combinationof fatigueand the
in the 50 ship survey.
(B)The rows labeledaft,M , and fwd refer

other factorsindic.at.edin th? tableby

to locationsalong the shin length.The
appropriatenumbersas I-OILOWB,
5. Shear 11. Neglect

midshipsymbolrow coversthe mid-lenEth 6. ‘rcnsion 12. Misuse/Abuse

throughoutthe entirecargo section.
(~) The .mbers 1, 2, 3 & k i“ the columnfor

?. CombinedTension 13. Questionable

a,ndShear 14. Heavy Seas
failuremode referto cracks,buckles,cracks 8. ~sign 15. Collision

and buckles,and twisted,lfiistoi+cd,respectively. 9. Fabrication/T<.rkfiaship16. Other - SeeNotes
10. Welding
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TASLE A-1 OETAILFAMILY: BEN BRACWTS

hAmON OH SHIP Numberof Nunberof Total ~rcent Esti=ted Detail Xailure Failure

I

Sound Failed Number FailuresE&ails
SHIP mm

Fanily Mde cause
retails Eetai1s C&ails on Ship Numb.,
Observed Observed Observed

FWd
Miscellene.us Jf 110 110

T

..;...

Aft
300

50 50 100
l-B-2

ma
Tanker M l-B-2

30 30 50
Fsd

Taf%ker E 39 1 40 2.5 100 l-B-3 1
20

8
20 30 y

Fwa
Tanker M 266 14 280 5.0 700

T

. .-
1-B-4 1 8

Aft 40 40 100
r-d

Tanker G 394 6 400 1.5 900 B910 ==7==l-B-5 1 ,.
Aft
Fwd J

~sce~=eous g 160 160 400 1-B-6

_ T

... ,.

Ail
Fwd

Tanker K 1494 6 1500 .4 3800 l-B-6 1 8,9
40 40 60

m
Bulk Carrier Ed 80 80 200

Aft
l-B-7

y
Fwd

Tsnker H 515 45 56o 8.0 1400 1-B-8 1 8

FWd T

T@zdcex’ Ii
150 150 300 l-B-9

T

12 300 4.0 700 ,_E_,n 1 8 v28B
L% 40 40

.u. -
100 I

Fwd
.snteinershipg 40 40 100 1-B-11

T
IWd

46 4 50 8.0 100 1-B-11 2
Aft 12 ----1
Fwd

28 12 40 30.0 70 1-B-11 1 13
A&

1
1 t I i I

F.Id
I I

%nker B
M t 58 - .- . . -.. 7–Q–, , . l-i=
FWd

Carrier R 49

1 110—

I L e“ >.3 L>u .–~–.. 1 u J
1 50 2.0 100 1-B-13 1 14

I 40 100 &B-’l3
bUU lJUU

1 3000 .0 590C l-c-l 1 15
150 300

I I 110 I
2

I
12,14

2301 ---
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TABLE A-1 DETAILFAK5Y: BEAM BRACKETS

.e. ,“urme?.’Fallure;
,ils ktails

e. Iuoserved Obsewed
. 140

1010
A’it 23o 23o
FWd 198 L 200 1.0

Tanker E
Aft 400 400
F-d 488 12 --5Tilr 2 4

Containership )1 2590 10 26OO :4
Aft 542 58 600 9.7
Fwd 114 6 120 5.0

Tanker E
A!-+ 6n c.n

. . .- .
ontainership g

Aft , ,
lFWdI 70 I 70

ontainershipp
Aft 200 200
Iwdl 59 I 1 I 60 I 1.7

hanker E
&l-t 100 100

Fwd 80 80
UisceMeous J(

U% 40 40
Fwd 497 3 500 .6

Cc.ntainership~ 4100 4100
Aft 900 900
I+rd

GeneralCargo g 200 30 23o 13.0
ft.
&d 30

Bulk Carrier M 140 1::
@.I-t 38 2 40 5.0

?lGTEs:
(A) The above continuedtable gives inx%r-
mation relatedto indi.ridualdetaildesigns
1. the 50 ship survey.
(B)lme rows labeledaft,E , and tid refer
to locationsalong the ship length.lhe
midship symbolrow cmrs the mid-len@h
throughoutthe entirecargo section.
(C) The numbers1, 2, 3 & 4 in the colunmfor
failuremcde referto cracks,buckles,cracks
and buckles,and twisted/distorted,respectivdy,

Estim.te:
L&ails
on Snip

32U
2240
64o
460

1000
1000
5350
1250
270

130
40

400
50

100

150
1000
25o
200

200
300

600
300

500
150

250

200

100

1000
9000

500

50
300
50

——

V
.....

l-c-l 1:

2 14

l-c-l -1

1-C-2
11,

: 10
2 >4,11
2 14

I-C-2

1-C-3

2 14
1-C-3

F

.-
1-C-4

1-C-4 1

2 14
1-C-5

v

(D) Fr.babledetailfailure...s.s are estimat-
ed to be a .cmbinati.nof fatigue=d the
otherfactorsindicatedin thetableby
appropriatenumbersas follows:
5. shear 2.2.neglect
6. Tension 12. Misuse/Abu3e
7. CombinedTension 13.Questionable

md Shear 14.HeavySeas
8. resign 15. collision
9. Fabricationhorhanship16. Other- Seeliotes

.

10. Welding
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TXBLE A-1 ISZTA2LF&NULX: BEAM B~K~T~

tCCATIONON SUP Numberof Numberof Total ?ercent Estimate,

1

sound Failed Number Failures&tail*
SHIP TYFx IRtails &tails &tails on ship

Obsewed Observed Observed
Fwd 20 20 40

GeneralCargo j( 100 100 “280
Aft 40 40 80
FWd

l%nker M
Aft =,0 50
Fwd

100

GeneralCargo j-( 39 1 40 2.5 100
Aft
Fwd 236 4 24o 1.7 500

Cmtainership g
Aft
Fwd

8vlk Crmrier 1!
Aft 45 45 100
IWd

Temker E
Aft 45 45 100

R/d
Co”tainershipR

Aft 30 30 50
Fwd 20 20 30

Containership~ 158 2 160 1.2 360
Aft 20 20 30
FWd 136 14 150 9.3 300

ConteinershipJI 100 100 200
Aft
Fwd 4 100 4.0 200

Containership~ lx 190 400
Aft
FWd 100 100 2

BulkCarrier N 300 300 6%
AI-t
Fwd

containershipn 3
“.

Tanker ‘i-l

...-
Containershipp 31

A ft ,.“
Fwd

?&-al 1! 1:8
20 .. u.

FWd
ccabination M 120 120 200
carrier

w d
ccfnbination )? 50 50 100
carri●r 170 170 300

Fwd 76 “4 80 5 0 200
contalnershipg 400 120 520 23:1 1300

AI-t
Fwd

e-eneral Cargo )t
Aft 60 60 100

8> 5 90 5 6 200
140 340 “ 700

U., 90 90 200
r..,.I 9 1 10 10.0 20

Aft]
m.,di 50 50 1(JU

100 300 700
on 90 200

20 40
100 28o
,,-, .,-,

rktail F.ilure Fai lure
Cmi lY Node Cause
Number

l-c-9
_ .F

l-c-9

l-c-lo 2 9,14
P

2 8
1-C-11

. v

1-C-12

1-C-12

1-C-13 F

1-C-14 2
F

9,14 ~‘“”

1-C-15 2
11,14

G
P

2 15
1-c-16

F

...

1-C-17
~

,.

L lb
1-C-17

2 14,s
1-C-17

1-c-18

. J?

.

1-C-19

F

IT

..
1-C-20

1-C-21

2 14
F

..

L-c-22 2
F

.(il,lz, 1:-
14,15)

L-c-23 . r
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TASLE A-1 DETAILFA~LY BE&Y BRACKETS

‘LCCATIONON smP Numbe,of IAmberof Total Fercent Estimated Detail Failure

1

Sound Failed Number FailuresC&ails FamiIy Hode
SUP mm Details Details IM,ails on Ship Nunk,ez-

Obsened Observed Observed
FM

Tanker K
111 9 120 7.5 300 1-c-24 2

i% 140
1?

140 300
BulA Carrier 790 790 1600

Aft 180
l-D-l

180 400
Fwd 40 40 100

GeneralCargo ~ 310 310 700 1-E-1
Aft 90
Fwd

90 200
20 20 40

W scelkmeo.s R 60 60 120
Aft

1-E-1
30 30 40

Fwd 50
Bulk R

50 100
Carrier 1000 1000 2200

Aft
l-D-2

50 50 100
F#d

M scellaneous~ 300 300 800. Aft
l-D-2

80 80 200
P#d 20 20 40

H sce21ane0us~ 120 120 280 l-D-3
Aft 30 30 80
Fwd

Generalcargo E 70 70 150 l-D-4
Aft 20 20 50
Fwd 3 30 50

BulkCarrier R 0 1-E-5
Aft
,Wd

GenerelCargo n 38 2 40 5.0 100 l-D-6 2
Aft
Fwd 40 100

>tisceUmeousu 2$ 280 700 l-D-7
Aft 80 80 200
Fwd

W Carrier R
Aft 49 1 50 2.0

1-D-8
100 1

FWd
Combinatfo. R
Carrier AFt 60 60 100 l-E-l

FWd 40 40 10U
ConteSnership~ l-E-l

Aft
Fwd 20 20 50

Tanker H l-E-l
30 30 50 i

11

9

10

NOTSS:
(A) The above continuedtable 8ives irifor- (D)Frobabledetailfailurecausesare estim?.t-
mation relatedto individualdetaildesigns ed to be a ecnnbinationof fatigueand the
in the 50 ship s~eY.
(B)The rows labeledaft,~ , and ~d refer

other factorsindicatedin the tableby

to locationsalongthe ship length.The
aPPrQriate nuxbers as fdlcw.,
5. Ehear U. Neglect

midship symbolrow c.ver~the mid-length 6. Tension 12. Misuse/Abuse
throughouttheentirecargosection. 7. CombinedTension 13.Questionable
(C)Thenumbers1, 2, 3 & 4 in the columnfor and shear 14.HeavySeas
failuremodereferto cra.~s,buckles,cracks 8. &sign 15.Colzision
aM buckles,andt.wistedidistorted,respectively.9. Fabrication/Wortiship16. other- Seern~

10. Welding
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,TABLE A-1 DETAILFAMTIX: BEAM BRACKETS

JX!ATIONON ShP Numberof Nxmberof Total percent Estimate3 Detail FailureFailure

I

sound Failed Nuxber FailuresOstai1s Family Mode cause
SH2P TTFz Details Deteils D#mils oa Ship N“rrber

Observed Observed CIbserved
Fwd 10 10 30

Eulk Carrier R
v

,.
60 60 120 l-E-2

Aft 30 30 50
Fvd

Combination R 60 60 100
Carrier Aft

l-E-2

FWd 20 20 20
ContainershipJI l-E-2 – ]

Aft
R/d 30 30
M

70
Tanker l-E-2 J

Aft 40 40.. 90
Fwd 20 20 50 l-E-3

Gemral Cargo g
M-t v
Fwd 20 20 40

Tanker E. l-E-3
Aft 50 50 80
ma 90 90 200

GeneralCargo R
v

.
700 700 1600 l-E-4

4ft 130 130 300
Fwd

combination R l-E-5
Carrier kft 50 50 100

P.md 20 20 50
1.tisce21meousg l-E-5

Aft 80 80 200
J

FWd 20
H

20 50
Tanker

v

---
1-E-5

Aft 80 80 200
Fwd

6ulkCarrier R l-E-6
Aft 20 20 20
Fwd

Tanker M
Aft 9 1 10 10.0 10 l-E-6 1 11 F
F,rd

Tanker H 40 40 100 l-E-7
30 30, 100 r

EWd 98 2 100 2.0 220
Containershipp

1,2 5,9
l-E-8

Aft v
i+rd 20 20

M12kcarrier R
50

l-F-l v
Fwd 10 10 30

Containership~ 200 200 410 l-F-l
Aft 31 9 40 22.5 60 2 13
F.rd

Tanker B 442 8 450 1.8 1160 l-F-l 1 10

FWd
Tanker M 175 5 1s0 2.8 400 l-F-2 1 9,10

r
Fwd
& 30

30 50
Tanker l-F-3

, “r
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i Observed] I I
50 6.0 100 1

l-F-4 1141F

TABLE A-1 OSTAILF.Q41LY BEAM BSACKETS

LCCAT30NON SHIP Numberof NumberOf Total Percent Estima:ed DeTail

“1

?silureFailure
Sound Failed Nmber Failuresretails Family :.me

SHIP ‘2-WE
Cause

&tails Oatails Details on Shin N.n!lel.
Observed Observed

IWd 47 3
Bulk Carrier R

Aft P
IVd 20 20 50

Misce3Mne0us u l-F-4
Aft
,Fwd 4-I 3
E

50 6.0 100 1 14
Tanker l-F-5

Aft r
FWd 480 480 1230

Ne.va2 u 3400 3400 8430
Aft

l-G-l
960 960 2410 v

. Fwd 10 10 20
Naval E 50 50 140 l-G-2

L“t 30 30 40 v
.PJd 30 30

Tinker II
50

l-G-3
Aft v
ma

GeneralCargo ~ 20 20 50
l-G-4 F

Aft
FWd

.

IJ

Naval E
40 40 100 l-G-4

3Wd 20 20 30
combination 17
Carrier

l-G-5
Aft v
Fwd 84 6 90 6.7 200 1

CeneralCargo J( 130 130 300 1-H-1
14 TAft

FWd
combination R 50 50 100 l-H-2
Carrier Aft 7

EWd 20 20 30
combination N 80 80 140 l-H-3

wCarrier Aft 20 20 4o“

Fwd 29 1 30 3.3 50 l-H-4 2 ’14
Containershipn

Aft n
Fad

Su3k Carrier R
Aft 90 90 200 l-H-5 v
Fwd

Tanker Ii
30 30 50 1-H-6

v

. .
throughouttheentirecargosection.
(C)Thenumbers1, 2, 3 & 4 in the c.hmm for
failuremodereferto cracks,buclzzes,cm.cks
and bu.kJes,and twisteal/distorted,respe.tiVe13

I)Frobabledetailfailuzecausesare estimat-
ed to be a combinationof fatigueand the
other factorsindicatedin the table by
apprcmrif=temmbers as follows:
5. shear 11. Ne@ect

6. *nsion 12. Misuse/Abuse

7. CombinedTension 13. Questionable

and shear 14. Heavy Seas
8. Cesign 15. Conision
q. Fabricati.n/Wor_ ship 16. Other - 8ee NC,tes

lb. Weldims
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TASLE A-I DSTA2LFAMILY: BEAM BRACKETS

TIoN ON SHIP Nimberof htiberof Total

I

Sound Failed Ii-tier
Ostails &tails Details
observed Observed Observed

.Wd 193
N

7 200
BalkCarrier 236 4 240

A.-
Rrd 85

SulkCarrier
5 90

II 100 100
Aft 40 40
Fwd 30 30

Tar.lker E
Aft 40 40
Fwd

-.eneralCargo g
Aft 29 1 30
,-d 20 20

c.mbination R
Carrier Aft 20 20

Fwd 20 20
Fanker If

Aft 20 20
FWd

Containershipg 36 4 40
Aft
Ikd

naval H 8 2 10
Aft
Fwd

Cmbinatio” R 16 4 20
Carrier Aft

Fwd
Ccdination x 22 8 30
Carrier Aft

Pwd
Sulk Carrier R 18 12 30

Aft
~d

Containership~ 16 4 20
Aft
IWd

Containership g 35 15 50
Aft
Fwd

Bulk Carrier M 40 40
Aft
FWd

Containership p 20 20
m
Rd

Containership~
Aft 90 90
FWd

Containershipp 88 2 90

, Aft
R?d

Tanker M
s 2 10

FWd
Tenker E 24 16 40

Per.ent Esti~teti Dezail FailureFailure
?ailures Details Fzmily Mode cause

m Ship lNutier

3.5 400 1 14

1.7 500 l-H-7 2 12

5.5 200 1 14
200 l-H-8
100
60

1-H-9
90

3.3 50
1-H-1O ~

8

20
1-H-11

30
30

1-H-11
40

10.0 40 l-J-l 1 8,14

20.0 10 1-J-1 2 13

20.0 20 l-J-2 1 8

26.7 30 l-J-3 1 8,11

40.0 30 l-J-4 1 8,14

20.0 20 l-J-4 1 8,10

30.0 50 l-J-5 1 8

40 l-J-6

20 l-J-6

200 l-K-l

2.2 200 l-K-2 2 8

20.0
l-K-3

10 1 14

40.0 70 l-K-4 1 11,13
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TA3LE A-1 OSTAILFAJULY: BEAM BRACKETS

T

‘LWAT20NON SSIP Nnber of Ctlziberof Total Fe,ce.t Esti!mte5 Ee:ail

1

sound Failed ?.timber
FailureFailure-

FailuresC&ails Family :!ode cause
siEcPTYPE Iiete.ilsCetails IEtails on Ship fti,me,.

Observed Observed Cbserved
Fwd

Centsine?ship ~ 168 2 170 1.2 350 l-K-5 1 13
All
Fwd

Tanker E 87 3 90 3.3 200 l-K-6 2 11
Aft
FWd

Containership J( 9 1 10 10.0 20 l-K-7 1
A?.

, ma 11:
?-sneralCargo g 8(

Aft
,wd 82

minker E
i

FWd 279 41 320 12.8 .900 1,3 r !
Containership g

7,14.

M-t 266 4
l-L-2

270 1.5 600 2 8,13
Fwd

Generalcargo jl 56 4 60 6.7 100 l-L-2 1 7
.Aft
i%+ 33 7 40 17.5 60 2 15

?&scellmeous g
Aft 20 20

l-L-2
40

md 50 50 110 l-L-3
Tanker M

Aft
ma

Bulk Caxrier M 46 4 50 8.0 100 l-L-4 1 13
Aft
Fwd 50 50 100 l-L-5

Containership R
Aft
Fwd

Containershi>P
Aft 3. ?n ~n l-L-6

FWd
ContainerShip g 8

Af+
F-d 26

cent.ainerahipg 20
Aft 32
ma 9

Containership~
Aft 12

-.—-
W.N.ES:
(A) The ebc”recontinuedtable gives infer- (D)Pmbeble detailfailuremuses are estimat-
mation relatedto individualdetaildesigns
i“ the 50 ship mY.
(B)The rows labeledaft,M , and fwd refer
to locationsalong the ship length.me
midship symbolrow coversthe mid-length
throughoutthe entirecargo section.
(C) The numbers1, 2, 3 & b in the columnfor
failurerncderefer to cracks,buck~es,cracks
md buckles,and twisteal/distorted,respectively.

ed to be a ccmbi..ti.nof fatigueand the
other factorsindicatedin the table by
apprcmiate numbersas follows:
5. shear Z.1.Neglect
6. Tension 12.Misuse/Abuse
7. cor.binedTension 13. Questionable

=d shear 14. HeavySeas
8. Design 15.Cd.lision
9. Fabricati.n/)@r_ship16.Other- SeeNotes

I

i.

i
I

I

I

16. Welding
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TAELE A-1 DETAILF~Y: BEAM BRACKETS

FJXATION ON SKtP Kumberof NWmberof Total .?ercentEstfmateC

1

Sound Failed Number FailuresCetails
sKtP 2TFE IEt*ils

_&e,.& R% EEfi ____ ?.!!2
IWd

Generslcargo g
Aft 60 60 100
md

Tanker E
39 1 40 2.5 50

Pwd
combination R 200 200 300
Carrier Aft

,Fwd
GeneralCargo ~

.Aft 10 10 10
Fwd

Tanker H
.4ft 30 30 so
FWd

Generalcargo R 50 50 100
Aft 110 110 200
,F#d

Containemhip ~ 224 16 24o 6.7 600
Aft 109 1 110 0.9 200
IWd

G.meralcargo “R
4?+, 220 220 500
FWd
n

90 90 200
TarIke=

Aft 1611 160 300
Fwd

combine.ticm R 148 2 150 1.3 300
carrier Aft

Fad
Tanker H

Aft 9 1 10 10.0 10
Pad

SulkCarrier n 15 15 30 50.0 40
Aft
Frrd

cmnbination R 90 90 300
carrier Aft

Fwd
containership jl 30 30 50

Aft
Fwd 10
M

10 10
Na.m.l 30 30

Aft
90

10 10 20
Rrd
E

20 20 50
Naval 180 180 38o

30 30 100
m

6u2k Cmier Rd 109 21’ 130 16.2 300
Aft
Fwd

NaVal N
Aft 50 50
Fwd

100

Na=l M 19 1 20 5.0 30

Derail . ?ailure Failure
Family Mode Cause
Nutiem

———..

l-M-2 k

l-M-2 1 11

l-M-3
L

l-M-4
b

l-M-4

l-M-5
L

l-M-6 2
L

14 “
1 7

l-M-7 b

l-M-7

1.M-8 2 13
b

1-M-8
1 11

1-N-1 1 8
k

l-N-l

l-N-2 +3

l-N-3 F

l-N-4 “F

l-N-5 3,4
15 f

l-N-6 B

l-N-7 2
8’12 1=

-133-



TASLE A-1 DSTML FAMILY: BEAY BRACKETS

b.4noN offsup I Numberof/NumberofITotal

I Sound Failed Number
SKIP TTP2 Eetails retails Iktai1S

Observe& Observed Obseine

sulk Carrier !?d do
Aft 40
FM

M scellaneous jl
Aft 10 10
Fwd

Tenker H 181 39 220

FM
Combination R 310 310
Carrier Aft

ma
M scellaneous y 50 50

Aft
F@

Eulk Carrier M 24 6 30
Aft

, 1 #

60 I l-P-l

TABLE A-2 DETA2LFAMILY TSJ PPING BRACKETS

$
Failure
:ause

IL

6,8,14

=

15

JXAT20N ON SHIP Numberof !mmberof Total Percent Estimated Derail FailureFailure

1

Sound Failed Number FailuresDstails Faaily Mode
sKtP TYFE Details C&ails Cetails

Cause
on Ship Number

ohserved Observed Observed
FWd 10 .?0

Naval )( ‘;: 20 so 2-A-1
Aft 20 20 30
Fwd 20

Containership ~ 110
Aft 40
Pad 10

Genera2Cargo ~ 100
Aft 40
FWd 20

Tanker E 160. -.

k--nerd

t
20 30

110 200 2-A-2
40 70
10 30

100 210 2-A-2
I 40 60
I 20

1::.I 500 2-A-2
SW 30 40
8 2 10 20.0 10

2-A-3
1 8,12

iwfm:
(A)The above continuedtable gives infor-
mation relatedto individualdetaildesisns
In the 50 shipsurvey.
(B)lme rowslabeledaft,~ , andfkdrefer
to locationsalongtheshiplength.The
midshipsymbolrowC.sverzthemid-length
throughouttheentirecargosection.
(C)me mmbers 1, 2, 3 .&k in the columnfor
failvremode refer to cracks,buckles,cracks
and buckles,md twisted/distorted,respectively.

L?%
(D)probabledetailfailurecauses-e estirfat-

ed to be a combinationof fatigueantithe
other factorsindicatedin the tableby
e.pprormiet,enumbersas follows:
5. Shear 2.2.Neglect
6. Wnsion 12.ltisuse/Abuse
7. CombinedTension 13.Questionable

-d Shear 14. Heavy *as
8. =si.gn 15. C031isi0n
9. Fabricaticm/Workmanship16. Other - Bee Notes
10. Welding
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Tmu A-2 DETAILFM~ TRIPPING BRACKETS

~’3TON ON ShZP Numberof Numberof ‘rota

/

Percent Estimated
Sound Failed Detail Failure Failure

smP ‘mm
Number FailuresIMeils

Ietails Falily }hde
&tails Cause

Details
Observed Observed Observed

on Ship NutieP

Fwd 20 2 40
Cowbination R 310 31: 580 2-A-4
Carrier Aft 100 100

E’wd
180 L

Contalnership~ 30 30
A?.

50 2-A-4

EWd
Tanker H 30 30 40

Aft
2-A-4

Wd
Tanker E 145 5 150 3.3 25o 2-A-5 1 8

.Fwd
BV-lkCarrier

40 40
L

R
80

885 5 890 1790 2-A-6 2
Aft 70 70

14

FWd
140

50 50 100 — L
cmlbilmti0“ R

2-A-6
c3rrier Aft

Fwd 110
E

110
Ttier 632 8 64o 1.2 2-A-6 2

140
3.1

140 360
1Wd

Tanker E 80 80 200 2-A-7
Aft B
F@ 40 40

-. .—-
80

containershipg 230 230 600 2-.4-8
Aft 50 .50 120 L,
Rid

6u3.kCarrier E 35 15 50 30.0 70 2-A-9 2 15
N

Fwd 10 10 20
containership g 200 200

Aft
400 2-A-1O

40 40 80 L

IWd
u

10
Ttier

10 20
26o 10 270 3.7 580 2-A-1O ~

Aft
6,10

n
FWd ;:

40
;0 30

cOntdne.ship ~ 100 100 210 2-A-11
Aft 40 40 60

&

Fwd 40
containershipg 370 3;: R 2-A-12

Aft 80 80 160 L

lWd 60
NaVRl M

60 100
160 160 440 2-A-13

Aft 70 70 160
Fwd
H

20 20 30
Tanker 70 70 200 2-A-14

Am. 30 30 70
FWd
M

20 20 30
Tanker 2-A-15

32 30 70
L

Fwd 30 30 50
combination E 2-A-16 -6
parrier ,Aft
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TASLE A-2 DE2AILFAkOZY; T~PPING BwKET5

‘LWATIONON SKtP Numberof Nu!zberof Total ?erce!ltEstimated

I

sound ‘ Failed Number Faila-es Cstails
SFJP ‘mm retails Cetails Cetails on Ship

Observed Observed Observed
Fw

Sulk Carrier Rd 140 140 300
Aft
FWd

Ccabination ?-? 110 110 200
carrier Aft

Ft.@
GeneralCargo J(

Aft 20 20 50
Fwd 40 40 100

Tan!!,, E 80 80 200
Aft
FWd

combination R 40 40 100
Carrier Aft

FWd 110 110 3

Tanker M 1200 1200 30::
40 40 100

F.rd 9 1 10 10.0 10
Tanker E

56 4 60 100
Combination “?
carrier Aft

Fwd 80 160
C.ntainershipg 1:: 3.50 350

Aft 40 40 90
FWd 10 10 20

GeneralCargo g 40 40 60
&?-+ 2n 20 20
Fwd 40 40 90

Trmker M
60 60 110

Fwd
Containershipg 30 30 60

A? 20 .20 20

Fwd
ldts.e3.3fmeous~ 20 20 “ 20

Aft
m d 140 140 300

Containership )1 584 6 590 1.0 1200
Aft 190 190 400
Fwd 30
M

30 80
Tanker

30 30 50

mmss:
(A) lhe above continuedtable gives infor-
mationreletedto indiridti detaildesigns
in the 50 ship survey.

“(B)TIE rows labeledaft,~ , and fwd refer
to locationstiongthe ship len@h. The
midshipsymbolrow coversthe Ir.id-le%th
throughoutthe entire CeJ-SOsection.
(C) 2?w numbers1, 2, 3 & b in the c.lm for
failuremode referto cracks,buckles,cracks
ind buckles,and twisteal/distorted,respectively.

Derail
Farily
Nurhe,

2-A-17

2-A-17

2-A-17

2-A-17

2-A-18

2-A-19

2-A-20

2-A-21

2-A-22

2-A-22

2-A-22

2-A-23

2-A-23

2-A-24

2-A-24

aiPure Failure
lode Cause

J&

&

2

15 L

2 15

IQ=

&

&

1 13
1 15 &
1 13

(D)probabledetailfailurecausesare estilrat-
ed to be a combinationof fatigueand the
other Ikct.xs indicatedin the teMe by
appropriatemmber. zs follows:
5. Shear 31.N@ect
6. Tension 12.%s.se/Abuse
7. combinedTension 13.Guestiomble

and Shear 14.HeavySeas
8. resign 15. Colllsion
‘3.Fabr<cation\Worhanshin16.Other- Se liotes

16. Weldin~
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AT20N ON S)UP Numberof Numberof TOta

11 ISound Fai?-a ,~.-~--
retails Oet

,...

.

TART.F L> DETAILFAMILY: TF.IPPING BRACKETS

*rCent E.tf=ateS Derail ?ailure Failure
.>=. ,“-... FailuresWtails F4:,i1y :hde Cause
;ails E&ails on Ship

Obsened Observed Observed
!4U,h,,

Fwd
u

10
Tanker

10 20
2-A-25

GenerelCa-ZO: ,i

50 80
10 20

180 340 2-A-26
f

Aft1 30 30 40
Pad

+

Tanker u
Aft 106 4 110 3.6

2-A-26 ~
200

~ ,0 &

FWd 10 10
Q

10
Naval 30 30 50 2-A-27

L-t 20 20 40
&

Pdd
Tanker E 49 1 50 2.0 100 2-A-27 1 13 t

w
, ~.h”tI I -

lm.,A, .- 10 20
70 150 2-A-28
20 30

110 280
640 1600 2-A-29

*V 240 62o
.0 10
10

10
40

A“?t 10
70 2-B-1

10
IWd

20 A
.

30 30 50
C.mbinrstim R 42o 42o 86o 2-B-1
Carrier Aft 30 30 90

lx,,+ .. 20 50

i
600 1490 2-B-2

i; 40 60 A
..

n 10 20
260 540 2-B-3

-.. .. 30 40
Fwd 40 80

CmnbinatiOn R 476 4 48: .B 900 2-B-3 2
Carrier

13,14
Aft 70 70 120 5-4A ?0 ~ — ~ — — —

13 17 450 3.B 110: 2-B-3 2
. 40

11,15
110

20 40
200 42o 2-B-4
50 80 A
10 ~ — — —
70 1s0 2-B-4
.m ..

. . .
Tanker E 4;:

Aft 4U
Fwd 20

Containership~ 200
A?. 50
Fwa 10

Miscellaneousy 70
Aft 10
IWd 20

Tanke~ H
3?

Fwd 6{
Bad R 31(

Aft 14!
Fwd

Wd n 12(

1. z“ , I AU
20

I 1.
50

I I

2-B-4.- 1 IIU S(J 50 —
0 60
0

160
310 660 2-B-5

9 1 150 .7 2B0 2 13 a

0 120 400 2-B-6

A
k;

0 40 100 2-B-7

I !~ I Q
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TABLE A-2 DETAILFMY TRIPPING BRACKETS

,. ,! u..., X-. LU . . x . . . . . ran,l.y ..N . . .-=”.

Lls E&ails on Ship Nunbe,
Ned 9bserve3

30 60
100 180 2-B-8 m

.
hCAT20N ON smP NurberOf :,tiberof Totd

1

Souna Faile= ,~-”~--
I~~~elEsti=’e’ I D~tail lFai’wel;~~~%+ ..,. . ..... .....

SHIP TXPE Iktails I!etai
Observed Obser

FWd 30
Combination E 100
Carrier Aft 90 90 160

—.

md
I.uscell.meousE 20 20 20

Art
2-B-8

Fwd 20 20 .50
Ccmbination )? 390 390 750 2-B-9
Carrier Aft 110 110 200 a

mid 20 20 50
Combination R 180 180 350 2-B-1O
Carrier

m
Art 60
F.,d An

60 100 m

lN -
I:iq 2X I

40 120
ava.1 230 600 2-B-1O

-9 90 180 t

n I 10 20
170 350 2-B-11
7n 3n m.

a. . 7.

Fwd
Tanker

~ ;;
170

P.?t --
IWd

Bulk Carrier R 30 30 60
>.ft 30 30

2-B-12
40 a

Fwd 10 10 20
Naval n 30 30

20 20
2-B-12

H
Fwd

Tanker H 821 29 850 3.4 2150 2-B-12 1 8,13
50 50 80

Fwd
Tanker n 50 50 110 2-B-13

Al-t
Fwd

C.nte.inershipn 20
k
FWd 99 :

Tanker fi 20
L*t 4C
FWd 2C

Navel E 140
50

Fwd
Cents.inershipR

Aft 10 10 10
2-B-17 u

Fwd
ContainerskiipJ1 48 2 50 4.0 100 2-B-18 1 8,14

Aft ,.

1
20 50 2-B-14

a

1 100 1.0 270 1
20 60 2-B-15

L 40 50 15 A.
n 20 60

140 370 2-B-i6
50 120

ffcrms:
(A) ‘me abwe continuedtable gives infor-
mationrelatedto ihditidti detaildesigrm
in.the 50 ship survey.
(B)The rows labeledaft, ~ , end fwd refer
to locationsalongthe ship length.The
midship symbolrow coversthe mid-leugth
throughoutthe entirecargo section.
(C) lhe numbers1, 2, 3 & 4 in the columnfor
failurencde refer to cracks,buc~es, cracks
md buck~es,and twisted/distorted,respecti.mlv

(D)probabledetai1 failurecausesare estimat-
ed to be a cmbinaticm of fatigueand the
other factorsindic~tedi“ the table by
appropriatemmber. as follows:
5. shear 11. Neglect
6. TemiOn 12. 14isuse/Abuse
7. COqbinedTension 13. Questionable

and shear 14. Heavy Seas
8. &sign 15. Collision

,. 9. Fabrication/Wcmhranship16. Other - See Notes
10. Welding
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TABLE A-2 DETAILFANILY: TR2 PPING BKACKETS

lKCAmON ON sfm Numberof Numberof Total

~

Percent Estimate2

I

Sound Failed Number FailuresDetails
SHIP Tim Details Details ktails on Ship

Observed Observed Observed
Fwd 10 10

ContainershipR 99 1 100 1.7
Aft 20

220 ~
20 20 ;

FWd
Tanker u 360 360 900

Aft
.Wd

Tanker ti 30 10 40 25.0 50
Aft
Fwd

COntsinershipp 20 20 50
Aft
Fwd

Combination ?? 69 1 70 1.4 100
~arrier Aft

Fwd
ContainershipJJ 39 1 40 2.5 60

Aft
IVd

COntafne,ship p 158 2 160 1.2 200
Aft
FWd

Containership~ 106 14 120 11.7 250
Aft
R’d

Tanker Ii 18 2 20 20
Alrt
Fwd

m carrier E 250 10 26o 3.9 340
Aft
Fwd

Conte.inershipg 216 24 240 10.0 300
Aft
F%d

Contai”ership g 200 60 260 23.1 300
Aft
Fwd

8u2.kCarrier N 40 40 50
Aft
F,rd

Bulk carrier 1! 60 60 60
Aft
Ewd

Generalcargo C 210 210 300
Aft
Fwd

Containership g 15 5 20 25.o 20
Aft
Fwd

GeneralCargo ~ 40 60 100 60.0 100
Aft
Fwd

GeneralCarSO )1 61 9 70 12.9 80
Aft 20
FWd
!4

10 10 10
N.d 30 30 70

Aft 10 10 20

m
=h---k-
I-c-l

z-c-z 1 8

Z-C-3

2-c-4 1 14

2-c-4 1 14

2-C-5 1 14

2-c-6 1 8,10

2-c-6 2 12

2-c-7 1 7,8,1[

2-c-7 1 14

2-C-8 1 8,10,14

2-C-9

2-C-1O

2-C-11

2-C-12 1 14

+=

2-C-13 1 12

2-c-14 1 11

2-c-15

n-
-Q-
fl

Q-
2

L
IL
-D_
R-
11
D_
-ls-
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TAsLE A-2 DETAILFA!.5LY: TRIPPING B-KETS

k=--H-H

1m
. . . .

i; 56 2-c-17
10 10

10 10
20 30 2-c-18

10 10

TABLE A-3 DETAILFAMILY: NON-TIGFfT COLLARS

tiAT20N ON 21EP Numberof Numberof Tota?. *rCent Esei~tea Detail ?ailure Failure

I

Sound Failed ?Wb er FailuresEekails
SKIP mm

Fmi ly
Details &tails &tails

:.bde cause
on Ship Kwlber

Observed Obsewea Observed
Fwd 130 130

Combination
250

x 1200 1200 2750 3-A-1
Carrier M-t 180 180 400 F

Fwd 50
W Carrier E

80
260 2:: 600 3-A-2

Aft 70 120
m

Fwd :: 10 30
Cmtainership p +

100
Aft

100 200 3-A-2
5 50

Rid
100

S
2: 20

Tanker
40

90 90 25o 3-A-2
4Q .40. 60

Fwd
Centainershipg —

Aft 30 30 50 3-A-3

FWd 25 5 2 15
?J

30 16.7 40
Tanker 110 110 26o 3-A-3 P

Fwd 20 20 50
C.”te.inership~ 200 200 400 3-A-4

Aft 50 50 80
D

IWd
4;:

180
containership ~ 4?: 950

Aft
3-A-5

120 120 260 m

ffms,
(A) llm above continuedtable&ives inf.=- (D) Probabledettilfailurecausesare estimat.
Maticm relatedt. individualdetaildesigns
in the 50 ship survey.

ed to be a ca=bimtion of fatigueand the

(B)lheram labeledsft,M , andfwdrefer
other factorsindicatedin the table by

to locationstiong the ship length.‘Fne
midshipsymbolrow coversthe mid-length
throughoutthe entirecargo section.
(C) The numbers1, 2, 3 & 4 in the columnfor
failurenode refer to cracks,buckles,crsck,
md buckles,and twisted/distorted,respectively.

.PF-mri.te .~bers as f.Ikws:
5. shear 3.1.Ne@ect
6. Tension 2.2.lfisuse/AbW
7. CombinedTension 13. Guesti.mable

and shear 14. Heavy sess
8. ~si~n 15. Collision
9. Fabri.ati../Worshipip16.Other- SeeNotes
10. Weldi~
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TASLE A-3 D2TA3LFAM31,Y:NON-TIGHT COLLARS

‘LWAnON oN SDP Numberof ,Nm.berof Total Percent Estimate2

I

Sound Failed Number FailuresEetails
SHIP ‘1’rP3 retails *tails Eetails on Ship

Obsemed Observed Observed
F’wd 10 10 30

Eulk Carrier M
Aft 10 10 20
Fwd 10 10 30

Containership)1 110 110 200
Aft 30 30 ●,0
Pad 30

Contairrershipg 200 2;: 4:8
Aft 50 50 100
Fwd

Tanker E
Aft 40 40 50
Fwd

3ulk Carrier E
Aft 60 60 100
Fwd

Containership )1
Aft 40 40 120

>Wd 10 10 10
GeneralCargo ii

MY 10 10 20

EWd 160 160 430

Naval R 1200 1200 32OO
Aft 32o 320 870
IWd 10 10 20

Tssdfer H
Aft 30 30 40
Fwd 40 40 90

C.ntainershipx 200 200 400

. Afl 50 50 100
SVd 20 20 50

Naval E 100 100 250
Aft 40 40 100
md 20 20 50

Naval R 100 100 250 1
Aft 40 40 100

Containershipy 70 70 150
Aft
Fwa

GeneralCargo p
Ail..58 2 60 3.3.- 100
Fwd

Conte.inershipg
Aft 30 30 30

FWd
Containership ~ 58 2 60 3.3 100

Aft
IWd

Wneral Cargo g
Aft 68 2 ,70 2.9 100
Fw 90 200

6u.2kCarrier )(d 12:: 1200 2300
Aft 300 300 500
w d 140 140 300

combination 1? 1200 1200 2100
@rier ,Aft 380 380 600

-141-

Detail FailureFailure
Far.ily :.bde Cause
:Iw!be.

3-A-6
u

3-A-6 _r

3-A-7 m

3-A-8 H

3-A-9 P

3-A-1O G

3-A-11 D

3-A-11

3-A-11

3-A-12 m

3-A-12

3-A-13 ~-

3-A-14
m

3-A-15 ~ 9 m

3-A-16 E

3-A-17 1 5

3-A-17 1 , J*

3-B-1 v

3-B-1



TABLE A-3 DETAILFAN21,Y, NON-TIGIPI COLLARS

JCAIZON ON SICtP Numberof Numoerof Total. *rcent Estimated Detail

I

Fd lure Failure
Sound Failed Number Failures@tails r.mily Kade Cause

SHIP TYPE Eetails ktails -tails cm Ship N,,rber
Observed Observed Observed

FWd
GeneralCargo ~

Aft 40 40 50 3-B-2
Fwd

Tanker M
Aft 110 110 200 3-B-3
IWd 20 20 40

Tanker E
Aft 40 40

3-B-4
60

FWd 160 470
u 1200

160
Taker 1200 3100 3-B-5

Aft 400 400 1030
IMd 30 3 70

sulkcarrier R 260 26: 550 3-B-6
Aft 90 90 1s0
Fwd

Containership g 40 40 100 3-B-7
Aft
IWd

Tanker n 80
I

80

I

200 3-c-1
Aft
IWd

combination R 3-C-2
Carrier Aft 110 110 200

Fwd 180 180 400
BulkCarrier R 990 990 3000 3-c-3

Aft 302 8 310 2.6 950 1 13
Fwd 20 20 60

Msceflaneo.sg 3-c-4
Aft 20 20 40
Fwd 80 200

Nati & 80300 300 800 3-c-5

FWd 160 160 500
Naval n. 700 700 2500 3-c-6

Aft 32o 32o 1000
F#d

Containership ~ 50 50 100 3-c-7
Aft
md 30 30 70

Naval M 150 150 400 3-c-8
Aft 60 60 130
3Wd 20 20 40

Naval i-( 70 70 120 3-c-9
20 20 60

in the 50 shipsurveY.
(B)me rowslabeledaft,~ , andfwdrefer
to locaticmsalongthe shiplength.The
midshipsymbolrow coversthemid-len@h
throughoutthe entirecargosection.
(c)TIEnumbers1, 2, 3 & !+in theC.lUUUIfor
failuremode refer to cracks,buckLles,cracks
tmd buckles,and twistedldi.tortes,respectively.

fwfss:
(A) The above continuedtable gives infer- (D)Probabledetailfailurecausesare estim8t-
mation re3ntedto ind.i~dusldetaildesigns ed to be a ccmbinati.nof fatiguema the

other factorsindite-teain the tableby
appropriatenumber. as follows:
5. Shear 3.2.Neglect
6. wnsion 22.Misuse/Abuse
7. CombinedTension 13.Questicumb2e

~d Shear 14.HeavySeas
8. &sign 15. Couision
9. Fabricationhlor-ship16. Other- SeeNotes
16. Welding
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TASLE A-3 OSTAILFANZLY: NON-TIGMT COLLFRi

‘IOX120NON SHIP Numberof hkber of Tot= Fercent Estimated Detail Failure Failure

I

SQund Failed Xumber FailuresDstails FaTilY :.:ode Cause
SIUP mm O?tails 02tai1s Cetails on ship Number

Observed Observed ‘tbserved
3Wd

GeneralCargo g
M-t 56 4 6.0 6.7 100 3-c-lo ~ 9 z-

F’wd 18 2 20 10.0 50 1 9
C.mtainershipg 3-C-11

Aft_ D

Fwd 57 3 60 5.0 2
M sceflmeous )1 140 140 3::

Aft
3-C-12

50 50 120 ‘5 -Q-

‘L3XATIONON SHIP

SHIP 2YFZ “1

Ewd
Bulk Carrier R

Aft
FWd

Ccmbination R
carrier Aft

FWd
Onnbination R
Carrier AYt

5Md
combination R
carrier

Fwd
Tanker n

Aft
Fwd

C.mtainership R
M-t
Pwd

Tanker M

Fw
Su3.kWrier Rd

Fwd
Combination R
Csrrier

Fwd
ContainershipJ(

Aft
FWd

Genera2C-go Ji
m
Fwd

M 8ce23.ane.usg
Aft

TASLE A-4 DETAILFANILY TIGHT COLLAP.S

Numberof Nmber of TOtd Percent Es2$=.te5 >era.il ?ailure ?ailure

Sound,. Failed ~.J&mJerFailuresCetails Fa.ily !~bde Cause
Dstails C&ails Dma<ls cm Ship Nurke,
Observed Observed Qbserved
30 30 bu
280 280 600

I

90
4-A-1

90 140
210 210 400

1100 1100 2900 4-A-1
290 290 700

30 30
220 220 6;: 4-A-2

70 70 130
40 40 100
300 300 900 4-A-3
90 90 200

80 80 200
4-A-4

10 10 30
4-A-5

120 120 200
20 50

200 2:: 800 “4-A-5

50 50 80

60 60 130
350 350 720 4-A-6
90 90 190
50 50 140

210 210 540 4-A- 6

120 120 32o
20 20 50

4;A-6

80 80 150
20 20 50

120 120 25o 4-A-6
100

:: :8 100
180 180 700 4-A-6

80 80 200
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TASLE A-4 IETAILFMY, TIGHT COLLARS

kx2ffLT0NON sup Numberof Wwnberof ‘lc,ta Percent Estimeted

-1

~e~ai~ F3.ilure Failure
Sound Failed Number Failures&tails

sfuP ‘mm Cetails Family ~ae cause
Dstsils Eetai1s on Shi?

Observed Observed Obser.,’ed Xuln!x,

Fwd
M

90
Tanker

90 25o

100 100
4-A-6

280 -Qi
Fwd

Bulk Carrier N 100 100
Aft

200 4-A-7
-w

Fwa
Containembip g 90 90

As>
200 4-A-7

FWd 40 40 130
Combination R 210 210 S40 4-A-8
carrier L*t 60 .60 25o u

Fwd
combination R 130 130 300 4-A-9
carrier 4ft

FWd 30 30 100
Generalcargo JI 4-A-9

.1i-t m
r_Wd 30

Ttier u
30 50 4-A-1O

u-t m
*_wd 90 90>Ontai”ership J! 6s0

24o

Aft
680 1860 4-.A-11

170 170 540 a
,~d 30

Generalcargo ~ 220 2::
Af-t 80

10:: 4-A-12
80 200 D

Fwd 30 30
cOnt&inership g 180

80

A~.
1s0 470 4-A-13

60 60 150 m
,_tfd
M

20
Ttier

20 50

Aft 4-A-13
30 30 70 _r

Fwd
E

20
Tanker

20 50
4-A-14

30 30 100 u
,%d 10 10

coMbination R
20

4-B-1carrier A.,-t, 40 40 130 D
R./d

containership J(
Aft 20 20 50 4-B-1
Fwd

containership ~ 1:: 1::
60

m
42o 4-B-2

10 10 20 m

fKYTEs:
(A) The above continuedtable gives infer- (D)Probabledetail failurecausesare estimat-
Matlonrelatedto in,dividua.1detaildesigns
in the 50 shiP survey.

ed to be a cmnbinatlonof fatigueand the

(B) The rows labeledaft,x , end fid refer
other factorsindicatedin the table by
appr.pri*tenumbersas follows:

to Iocation$along the ship length.me
midshipsymbolrow coversthe mid-length

5. Shear 31. Neglect
6.

throughoutthe entire cargo section.
(C) ‘me mmbers 1, 2, 3 & k in the colvamfor 7.

failurenode refer to cracks,buckles,Cracks 8.
and buckles,and twisted/distorted,?espective3y. g.

10.

lknsion 12. l.E;use/Abuse
CombinedTension 13. Questionable
and,Shescr 14. Heavy 8SaS
D?sign 15. Collision
Fabriczti.”/Hcu%nanship16. other - see Notes
Welding
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TASLE A-4 OETAILFAMtL17 TIGHT COLLARS

t,CCAT20NON S$UP Numberof Nvuberof Total ?ercent Estimate5 Detail ,

1!

Failure Failure
sound Failed Number ?ailures Etails Family ].f.Je Cause

sKtP TYPE Ii3teils Wcails C&ails 0. Ship N“r$er
Observed Observed Observed

Fwd 50 50 170
Cmtainership g 200 200 660 4-B-3

Aft 80 80 240
Fwd 300 300 1050

Naval H 1200 1200 7000 4-B-3
Aft 600 600 2100
FMd 20

N.sva.l E 1:: 100 3:: 4-B-4
Aft 30 30 120
F#d 60 60 200

W.val P, 300 300 2400 4-B-5

Aft I00 100 400
R@

Naval E 30 30 100 4-B-6

Aft
;.Jd 60 60 200

Naval K 300 300 1400 4-B-7

Aft 1.QC! . 100 400

& d
Naval M

20 100
4-B-8

Aft 20
Pwd 10 47

oeneralCargo u 40 18 400 4-c-1
Aft 3n 30 60
F-id

Containershipg 100 100 500 4-c-2
Aft
m d 120 120 200 4-c-3

Containershipg
Aft
Fwd

Tanker M
Aft 40... 40 50 4-c-4

Fwd
Tanker u

40 40 50 4-c-5

Fwd 60
SulkCarrier R 3:: 3;8 600 4-c-6

Aft 50 50 140
F#d
u 10M

120
Tanker 10:: 23OO 4-D-1

Aft 180 180 280
Fwd

Misee3.LmeOuSJ( 200 200 500 4-E-2
Af t —
mld

Tanker M 29:8 29;: 85: 4-o-2
240 240 620

Fwa
Containership).1 500 500 2000 4-D-3

Aft
m d

Tsmker M 1100 1100 2700 4-D-4
80 80 200

.

ml
_r

m

TLf

-u

u

m
-w
w

-

-1
-r

-c
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TABLE A-5 DS’f.UiLFAhULY: GUNWALE CONNECTIONS

LCCATIONON SUP Numberof Numberof Total Percent Estimated Darail FailureFailure

I

sound Failed Number Failures%tails Tanily :.!c,de cause
SHIP ‘rim Cetails Iktails &tails cm Ship Nuder

Observed Observed Observed
FM

c.ntainershipM 4 4 4 5-A-1
Aft
Fwd [

GeneralCargo ~ 2 2 2 5-A-1
he,
P,rd

Tanker E 10 10 10 5-A-1
Aft
Fwd

containershipE 2 2 2 5-A-2
Aft -kFwd

Containership~ 2 2 2 5-A-3
Aft l=Fwd

ContainerShip ~ 2 2 2 5-A-4
Aft

+P@
??s.?s.1 N 4 4 4 5-A-5

Aft
FFwd

eneral Cargo.)I 2 2 2 5-A-6
Aft
FWd F

6u2kCarrier R 2 2 2 5-A-7
Aft k
Fwd

Ccmbinztio” R 4 4 4 5-A-7
carrier ~ft

3%d,
Generalcargo ~ 2 2 2 5-A-7

Aft
m d

KiscelleaeousM 2 2 2 5-A-7
Aft
Fwd

Tanker M 6 2 8 25.o “8 5-A-7 2
Aft

12,15

Fwa
sulkcarrier R 2 2 2 5-A-S

Jft “b

Iwrss:
(A) The above continuedtable gives infor-
mation relatedto fndiridualdetaildesigns
in the 50 shipsurvey.
(B)me rowslabeledaft,~ , andfwdrefer
to locationsalongthe shiplensth.The
miashipsymbolrowcoversthem%d-lexth
throughoutthe entirecargosection.
(C)‘menumbers1, 2, 3 h 4 in thecolumnfor
failuremode referto cre.cks,buckLes,cracks
sndbuckles,and twistedldistorted,respectiveti

(D)Frobableaetailfailurecausesare estimat-
ed to be a canbination of fatigueand the
other factorsindicatedin the tableby
-PPr.priate nmnbers as fOllOvs,
5. Skar 22. Neglect
6. Tension 12.l.risuse/Abuse
7. CombinedTension 13.Questionable

and Shear 14. Heavy Seas
8. -sign 15. Collision

,. 9. Fabrication/Workwnzhip16. other- Seenotes
10. Welding
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TXSLE A-5 DETAILFAMILY, GUNWALE CONNECTIONS

‘UXAT20NON SHIP Numberof Mmber of Iotal .Rrcent Es$ima?ed Detail

I

sound
FailureFailure

Failed :iumber mi lures Ee$e.ils Fz>ily
SHIP TYPS L!etails

:,~d, ~au*e
rEtails Z&ails 0.?Shig

O>served Observed Sbsemwd
FWd

M.*.,

Condinati0. R 2 2 2 5-A- 9
Carrier A?t

FWd
Tanker M 2 2 2

.4?t
5-A-9

Fwd
Generalcargo ~ 2 2 2 5-A-1O

m-t
F#d P

Naval E 2 2 2
Aft

5-A-11

,Fwd k
Naval I( 2 2 2 5-A-12

L-t
IRd r

sulk Carrier R 2 2 2 5-B-1
41-t
;Wd

c.nbination R 4 4 4 5-B-1
carr.ier Aft

,‘id
Taker E 4 4 4

Aft
5-B-1

Fwd
Naval )? 4 4 4 5-B-2

L!t
.Rid

ram-al Cargo ~ 2 2 2 5-B-3
A?t
ma

Ccmtainership g 2 2 2 5-B-4
Aft
Fwd

Nati n 2 2 2 5-B-4

Ilud
Containership R 4 4 4 5-B-5

Aft
Fwd

‘rmker II 2 2 2 5-B-5
.Aft
Fwd

Containership )1 2 2 2 5-B-6
Aft
Fwd

Naval B 2 2 2 5-B-6

Aft .
Fwd

C.ntainershipg 2 2 2 5-B-7

tn..

Bulk Carrier ~ 2 2 2 5-B-8

Fwd
Containership g 4 4 4 5-B-8

Aft

l?+.-t

-.-1

0-
T-
r

-l
u-

-1
F’

-!

1-
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TABLE A-5 DETA2LFAMILY: GUNWALE CONNECT1 ONS

‘IJxXT20NON SHIP Numberof Nu=berof Total ?ercent Zs$izzatedDecsil FailureFailure

I

sound Failed Iwzber ?ailures I%eils %mi ly !.bde Cause
shTP TfFE Eet.ils -tails &tails on Ship Xurbe,

..ObservedObserved Cbserved
*3

).Sscelleneous g o 2 2 100.0 2 5-B-8 2
Aft

12,15

md
Tanker Ii 2 2 2 5-B-8

.4%

TA9LE A-6 DETA2LFAMILY: KNIFE EDGES

TAXATIONON SHIP 1JuAw2,Of N$mberof Totsl Percent EstirLted Derail I?ailure Failure

I

Sound Failed Nm>e r Failures>tails r~,,ily :.!ode cause

SHIP ‘mm D4ails Details retails on Ship s.:3.r
Observed Observed onserved

PA
Bulk Carrier R

Aft
F.d

Combination *~t
Carrier

Fwd NO KNIFE EDGE cR7T~GS

Containershipg
6

Aft OB ;ERVED IN THE SlJRV~
FhYl

Generalc-go n
Aft
Fwd

N scellmeous a
Aft
Fvd

Naval R
L*t
~ ~

Tanker E

.------------ --. --------------------------------------- ------------------- ------- -------

TOTALS 0 0 0 0 0 0 0 0

NOTES:
(A) The above continuedtable gives infor-
nmticm relatedto individualdetaildesigns_. -..
in the 50 ship surveY.
(B)The rows labeledaft,~ , md ~d refer
to locationsalons the ship length.The
midshipsyr.bolrow coversthe mid-length
thr.u@out the entirecargo section.
(C) The numbers1, 2, 3 & k in the colmm for
failurenmde refer to cracks,buckles,cracks
and buckles,and ttisted/Oistotied,respectivePJ.

(D)Frobabledetailfailurecausesme estim4t-
ed to be a ccmbinaticmof fatigueand the
other factorsindicatedin the tableby
approcmie.ten,umbersas follows:
5. Shear 11. Neglect
6. Tension 12. tisuse/Abuse
7. CombinedTension 13. Questionable

and shear 14. Heavy Seas
8. -sign 15. Collision
Q. Fabricatim/Wortiship 16. ~her - se fiol
lb: Welding

1

I

:es
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40

/

120 /-A-J. 1---1
1 3.0 40

) I 30 100
300 7-A-2 4
200

! .’-’ tw--l-w-l ... ,, ,0

‘JABLE A-7 OSTAILFA1.!TLY:MISCELLANEOUS COTOUTS

AxAT20N ON SHIP Number of Numberof Total Pe,ce3t EstiFnted Detail Failure Failure

I

Sound Failed Nlmber Failuresrmta<ls ra~ily Mode
SHIP mm retails 04.ils

Cause
Wtai.ls on ship Nu-heF

observed Observed Qbseined
~d

tmlk Carrier R
10 10 .50
80 80 300

At-t :~
7-A-1 +

In 5n
Fwd 50 50

C.ntainershipg 60 60 200 7-A-1

AfY 2n 20 60

Fwd 10 Au ‘4U

M 40
. . .

Tanker
.Aft 10
FW3 30

lied

Sulk Carrie* ~ ,;;

I

120 450 7-A-3
30 100

Fwd 90 90 300
Containership g 450 450 1600 7-A-3

.41% 90 90 300

FWd 60 60 200
Naval E 450 450 1500 7-A-3

Aft 100 100 500
FWd 10 40

Tanker E 1;: 120 500 7-A-3 ~

Aft_ 20 20 60
FWd 20 20 50

Cmbinatio” R ;; 70 180 7-A-4 G

Carrier Aft 30 70
FWd 10 10 ---2ti- +

C.mtainership g 30 30 90 7-A-4

Aft 10 10 40
FWd 10 10 10

Bulk Carrier R 7-A-5
Aft 10 10 10 n
Fwd 10. 10 30

Ccmtainership )1 7-A-5
Aft 10 10 40
FWd 10

.. ..

t

1

.& I

Fvd
Containership )1

Aft
g\:

Fwd
Tinker E

Aft 20
Fwd 10 ii 10

sulk Carrier k’
7-A-7

Aft 10 10 10
Fwd 20 20 ~

Conta.inershipg 7-A-7

Al-t 30 30 40

I I-4
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TA8LE A-7 DWTA2LFAMtLY: MISCELLANEOUS CUTOUTS

y——

.

0 I I 30 I I 50 I I I ,0
0 20 30

20 40 7-A-8
30 60 3

20 ---=nr — — —
6 70 8.6 160 7-A-8 1 7,14

40 70
10 20
10 10 7-A-8
20 50
10 10

0 10 20
,0

7-A-8
20 30

0 30 110
5 5 180 2.8 630
0

7-A-8 4 14,16
40 180

0 30
!0 150 2::
. 7-A-8<n ..,,

El
, , .- , -- L

0 10 20

0
7-A-1O

10 20 Dh 20 30
7-A-1O

m 20 20 30 J

IWd
ccmbination 1! 30 30 40
Carrier Aft

7-A-11 II

FWd
aval M 6 4 10 40.0 10 7-A-11 1 7,8

Fwd 17 3 20 15.0 20 7-A-11 1 7,8,9
Tinker !4

,
3

FWd 10 10’ 20
Combination R 60 60
Carrier Aft

110
30 30 0

7-A-12
u

3Wd 30 30 :0
Containershipg 70 70

Aft
180

50 50
7-A-12

70
?rmw’s..------
(A) The above continuedtable gives infor-
mation relatedto indiridti detaildesigns
in the 50 ship mu-my.
(B)‘me I.OWSlabeledaft,x , and fwd refer
to locatiansalongthe ship length.me
midshipsymbolrow coversthe mid-length
throughoutthe entirecargo section.
(C) 2’henumbers1, 2, 3 & 4 i. thecolumnfor
failuremodereferto cracks,bucl’Jes,crack
andbuckles,andttisted/distorted,respectivew.

(D)probabledetailfailurecausesare estimat-
ed to be a canbine.tionof fatigueand the
other factorsindicatedin the table by
awrmriat e ntmhersas f.Ucws:
5.
6.
7.

8.
9.
10.

shear U. Neglect
Iknsim 12. iKsuse/A&use
CombinedTension 13.GuestiOnable
and shear 14. Heavy**S
DSsign 15. collision
Fabrice&ion/Wor!reship i6. Other- Seenotes
Welding
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TASLE A-7 DETAILF-Y: MISCELLANEOUS CUTOUTS

~AmoN ON Mp Nvmbe,m“ Nunberof Totd ?ercent E.stirc.ztedDetail Tailure Failure

I

Sound Failed limber FailuresDetails Faaily :.lade Cause
SIUP mm I&ails Details Eetai1s on ship Numb,?

Observed Observed Observed
Rid

Naval I 10 10 10
10 1o_ 10

7-A-12 0
Fwd
H

10 10 10
Tanker

Aft 10 10
7-A-12

Fwd 50 50 1::
Containershipg 92 8 100 8.0 700 7-B-1 1 9,14

Aft 100
..- ...

Fwd 40
GeneralCfd-goR 100

Aft 90
FWd 30

Tanker E 600
M-t 120
,Fwd 70

mlk Carrier M 700
Aft 200
h’d 100

,COmbinatlcm R 900

+---t

l-=.= lAftI

7
20

)
)

-

lUU Zuu
40 100

100 700 7-B-1
90 200
30 100

600 2900 7-B-1
120 400
70 200

700 3500 7-B-2 -

200 500
100 200 4
900 1500 7-B-2
200 300
150 300

1000 3300
300

7-B-2
600

60 100
200 1000--- 7-B-2

L,” L“”
40 ~ —
80 300 7-B-3

I 70 100
120 200

1300 4400 7-B-3
300 400
120 200
600 1400 ,7-B-3

I I 220 400
300

54:; 10800 7-B-3
400 600

300 400 7-B-4 -
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TAELE A-7 DETAILFAMILY: MISCELLANEOUS C~UTS

LCCATIONON S~P Numberof hwmberof Total 1

I

*rcen* Es:i@e3 Detail ?ailure ?a.ilure
Sound Failed IWmber Fa:lu-esI&ails

SHIP TfFE
Falily :.:ode Cause

retails -tails -tails on Ship f+U*, r
Observed C5served :bser.-ed

FWd 40 40 200
Bulk Carrier’ R 100 100 600 7-c-1 _n-

Aft 70 70 200
~d 80 80

Combination *$t ;: 60 60~ 7-C-1 4

Carrier 90 200
Fwd 90 90 20

CcmtainershipJ! 680 20 700 2.9 290g 7-C-1 1
A.-.

14
110 110 300

?..d 70
4::

--Tom-- — — —
GeneralCarXO ~ 400 2700

k% 74
7-c-1

16 90 17.s 200 1 9
.Wa 60 60

Mlscelhneous R 80 80 400
.Aft

7-c-1
60 60 100

.Wd 80 80 ~ — — —
~aval M 200 200 300

L-t
7-c-1

60 60 100
FWd~ — ----?m= — ----200

Tanker E 25I36 14 26OO .5 4500 7-c-1 1 8
M-t 200 200 400
p..~ 20 .r, 60

Containership ~ 100 480 7-c-2
Aft 20

a
!=,0

rwa 20
H scellaneous u

AI-t 20 I

Fwd 210
cmnbinaticm E 900.

.“

100
I 20

[ 20 I ‘ii I I I
7

..
7-c-2

I
.::

I

n
v..

Iwa 70 150
Containershipg

4
490 1750 7-c-3 1

Aft
11

68 L /u I .YL 150 1
F#d

11

GeneralCargo ~
Aft 80 80 15.0 7-c-3
,>d 200

Tanker E 16~~ 16;: 26OO 7-c-3
90 90 200

Fwd
Contai.ershipg 199 1 200 .5 300 7-c-4 1

Aft
11,14 =

Fwd 200 200 400
Naval E 2000 2000 4800

400
7-c-4

400 800
NOT2S:
(A) The above continuedtable gives inScm- (D)Frobabledetailfailure...s.. are estimat-
nxationrelatedt. individualdetaildesigns
in the 50 ship survey:
(B) The rows labeledaft,~ , end fwd refer
to locationsalong tbe shiplength.The
midship =.mbolrow coversthe imid-length
throughoutthe entirecargo section.
(C) The “u..bers1, 2, 3 & b in the cOMlcllfor
failuremode refer to cracks,buck~es,cracks
fmd buct~es,an’Stwiste.i/distm-ted,respectively.

ed to be a mxnbinaticmof fatigueand the
other factorsindicatedin the table by
appruuriatemmbers as follows:
5. Shear Ll. Ne@ect
6. Tension 12. hisuse/Abune
7. CombinedTension 13. Questionable

and shear 14. Hemy 2eaS
8. ~si~n 15. Collision
9. Fabricati.n/kl.rmship 15. Othem - see Notes
10. Welding
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TABLE A-7 DETAILFAMILY: MISCELLANEOUS CUTOUTS

~lTON ON SliTP Numberof Numberof Total ?ercent Estimate2 Detail FSilure

I

sound Failed ?hmber FailuresCetails Fmily :.bJe
SHIP mm Details Details ktai 1s on Shit Nuclbm

Observed Cbserved Observed
FWd

Containership g 150 150 200 7-c-5
4.%
Fwd

Ge.e,a.lCargo )1 40 40 50 7-C-6
t.m 20 20 20
~~~ 70 70 2

Combirmtim R 110 110 4;; 7-c-7
Carrier .~ft 60 60 200

-d 20 20 50
>Csce21aeous g 50 50 100 7-c-7

aft
FM 30 30 50

Containership g 1-C-8
Aft 150 150 200
FWcl 20 20 40

&nerd Ca.q!o~ 7-C-8
.kft 20 20 60
Fwd 70

milk Carrier
300

R 30:: 3000 9000 7-c-9
Aft 120 120 700
Fwd

Cmtainershipp 80 80 100 7-c-9
Aft
Fwd 96

Naval E 1491
Aft 196 1“F.rd400

Tanker M 16000
.A?t 1000 , ...-” ..
FWd

Containershipp 8 2 10 20.0 10 7-c-lo 1
A?.
‘iWd 10 10 10

Combination R 7-C-11
Carrier Aft

Fwd
Conttinershipg

Aft 20 20 20 7-C-11

Fwd
CeneralCargo ~ 10 10 10 7-C-11

Aft
Fwd 2 10 20.0

$t 8
10 1

Combination
7-c-12

Carrier
Fwd . . ..

ContainershipJ( 70 70

m
Pad 800 00

Naval & 2000 2:00
1100 1100

Fwd 40 40 200
Nava2 R

Aft 30 30
7-C-14

200

I
4 100 4.0 300 1
9 1500 .7 2100 7-c-9 1

>

T

4 200 2.0 600 1
) 400 1000
1 16000 27800 7-c-9
. 1““I-I 7000
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TASLE A-7 IZTAILFAMCLY: MI SCEL-OUS CU’ICNJTS

‘LWATIONON SHIP Numberof Nuder of ‘rotd !

11

Bound ~:. .. .. . I:-::e”t I:s:i:==~ I ~~?:l I?:a:l~e1!~l=

sfuP TYPE Iatails w
Obsem - --

FWd
Bu3k Carrier w

P ,rier --H--

,1Le. muwer :alMn-esLeLal,s t&ruLy inae cause
:tails KEtails on 3hiD Nuzher.

Vea oDserved Observed

9 40 60 7-C-15

60 60 80 7-C-15
?0 20 40

“ ,c.,-, an,, 7-C-15

. . . -.
Conta.inership p

Aft 18C 4 ! .0. ! 1 J“” [ I I
FWd 10 10 20

GeneralCargo ~ 7-C-15

Aft 4C .- --

lhrd lC
l.Usce~aneOus ~ 3C

Aft 20 I I 20 I I 50 I I
FWd 10 10 50

Naval E 20 20 80 7-C-15
Aft 10 10 50 I
Fwd 30C

Tanker M 800C

u I I *U I I mu I 1 I
D 0 20
0 :0 50 7-C-15

-

E3r
Aft 800
Fwd 40

cmtninership )1 300
Aft 8
ma

ontainership ~ 300
Afi 80
&-d

ad u 7C

-.
D 30(.) lULU
D 8000 14000 7-C-15
. Soo 2000

40 50
300 350 7-c-16

v 80 ..100

1 300 400 7-C-17
) 80 100

0 70 100 7-C-17
AA ,
Fwd

Naval E 78 2 80 2.5 100 7-c-18 1 10
Aft
Fwd

Naval M 60 60 80
10

7-C-19
10 20

Fwd 20 20
ContainerShip g

40
59 1 60 1.7 300 7-o-1 1

Aft 50
14

50 60
3’ud
u

30
Tanker li: 2 1:: 1.7 24o 7-C-1 1

40
14

40 60
Fwd 20

SulkCarrier
20

)!
40

80 80 200 7-D-2
104 16 120 13.3 160 1 9,10,1:

_.— —

A-

(!7--

El
mrss:

mation relatedto individud detaildesigns
in the 50 ship survey.
(B)The rows labeledaft, ~ , and tid refer
to locationsalcm,gthe ship length.TIIe
midship wnbol row coversthe mid-length
throughoutthe entire.cargo section.
(C) lhe mm.hers1, 2, 3 & k in the columnfor
failurecode refer to cracks,buckks, cracks
and buckles,and twisted/distorted,respectively.

(A) The above continuedtable gives infer- (D)probabledetailfailurecausesare estin!at-
ed to be a ccmbinaticmof fst.irueand the
other fsctorsindicatedin the-tableby
appropriatemmbers as follows:
5. Shear I.1 Neglect
6. ‘knsion 12. ~suse/Abuse
7. CombinedTension 13. Questionable

and shear 14. Heaw’ Seas
8. r.esl.zn 15. Collision
9. Fabr~cation/wor:mship16. Other- BeeNotes
U?. Welding
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, .“ .“ la-i
20 80
30 170 7-D-4
30 80
50 180

7-D-4 ~
oh ?~n

-5
a .,’0. .“”

50 140
200 700 7-E-1
180 340 e

40 100
1200 2000 7-E-1

“1

TABLE A-7 OET#JLFAMILY: MISCELLANEOUS CUTOUTS

%CXATION ON SKtP Numberof Numberof ?Otal Ferce2t Estimated Detail >-1:lure Failure

-1

Sound Failed Number FailruuesI&ails Family Mode
SSIP mm

Cause
*tails retails D?tails on Shi? Number
Observed observed Observed

Fwd 40 40 100
ContainershipR 7-E-3

Aft 60 60 100 Q
FWd “lo 10

SulkCarrier R
20

20 20 50 7-D-4
Aft 10 1“ ,r. A

FWd 20
Centainership ~ 30

?.% 30
.Xd 50

GeneralCa-go Q
Aft 80 , .. ! ---
F’wd 100

Tanker E 12:8 12:: 2000 I7-D-Aft 80 .. ,c“

F’fid 50
SulkCarrier 1! 200

Aft leo
Ftid

Combination R 12:
Carrier Aft 1 120 I I 200 I I I

F-d 80 on .nn r-
Containership p 396

Aft 300
F-.5

Misce31=eous ~ 2;:
Aft 170 .,” ....
5Wd 800 800’ -76Lzi- — —

Yaval E 5000 5000 16000 7-E-1
L~t 1200 1200 4000
Fwd~ 0

Tamker E 5:1: 90 5500 1.6 11000 7-E-1 1 8,16
.Aft 700 700 1200
IWd 2 40

Sulk Carrier R :: 4: 120 7-E-2
Aft 40 40 60 0

F#d ~ — ——=iU—— — —
Combim+tion R 4:: 65 500 13.0 800 7-E-2 2,3 8.14 A

carrier Aft 30 30 70
Fwd 20

Containership ~ 100 100 36o 7-E-2
& 30 30 80
Fwd~ — ---27T- — ~

Tanker X 300 300 500 7-E-2 -
40 40 100

M 20 20
SulkCarrier M

50
7-F-1 4

Aft 50 50 100
Fwd 20 20 50

combination R 60 60 200 7-F-1
Carrier Aft 40 40 100

Fwd 30 30
ContainerShipg

80
150 150 500 7-F-1

Aft o 12c!_ 270
3wd 20 20 40

Genere3cargo ~ 60 60 300 7-F-1
Aft 60 60 180

.“ .“”

4 400 1.0 1600 7-E-1 1 7,14

313Q. 50.Q .__. .
200

2Z8 1000 7-E-1
1.” .“n
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T~LE A-7 DETAILFAMILY: MISCELLANEOUS CUTOUTS

I,C12A2TONON smP Numberof ttibe~Of T(Xal Ferce9t EstiFaxed Lle.tail

I

Sound Failed Nzr.ber FailL.esD#m.ils Family
smP 2TFE Details Ietails Ee*ails on *ip Cumher

Observed Observed C5served
FWd 10 10

~ scellaneous J( 60 60 1:8 7-F-1
Aft 40 40 60
Fwd 10 10 50

Naval B 80 80 300 7-F-1
Aft 60 60 100
Fwd 10 50

Tanker E 220 2;: 400 7-F-1
.&f-t 159 1 160 ..5. ..250
Fwd 10
R

10 20
Bulk Carrier 50 50 180 7-F-2

Aft 50 50 100 _
Fwd 20 20
E

50
Ccmbine.tion 150 3.50 25o 7-F-2
Carrier Aft 60 60 150

.Wd 20 20 50
zontainex-shipR 80 80

Aft
400 7-F-2

115 5 120 4.2 200
Fwd 10 10 30

seneralcargo ~ 70 70 300 7-F-2
Aft 80 80 1=,0
lwd 10 10 20

Mlseellsmeo.s~ 90 90
Aft 40

200 7-F-2
40 Ro

Fwd 20
E

20 60
Naval 600 600 1400 7-F-2

90 90 300
Fwd
ti

20 60
Ttier 12: 120

Aft
300 7-F-2

.140 . 140 300
IWd 10

milkCarrier R
20

i: 40 90 7-F-3
Aft 20 20 40
md 10 10 30

Ccmbination R 30 30 9@ 7-F-3
Carrier Aft 40 40 80

Fwd 20 20 40
Ccmtainershipg 30 30 110

Aft 50 50
7-F-3

100
Fwd

GeneralCargo )i 20 20 30 7-F-3
Aft 20 20 40
Fwd

Mscellsweousg 10 10 20 7-F-3
Aft 10 10 30

NM’2s:
(A) The above continuedtable Eives infm..
mationrelatedto individual~etaildesigns
in the 50 ship survek.
(B) The rows labeledaft,~ , end fwd refer
to locations&ow the ship length.ne
mldshlp Fnbol row coversthe mid-length
throughoutthe entire cargo section.
(C) The nm!bers1, 2, 3 & 4 in thecolm for
failuremodereferto cracks,buckLes,.ra,c!x
andbuckles,andtwisted/distorted,respectively.

(

?ZilureFailure
:.bde Cause

+

1 8,9

0

4

1 10

—

o

+

D) Frobabledetailfailurecausesare estimat-
ed to be a combinationof fatigueand the
other factorsindicatedin the tablebv
appropriatenumbersP.Sfollows:
5. Shear 3.3.Iieglect
6. Temim 12. W.sise/P.buse
7. CombinedTension 13. Questionable

and,shear 14. Hem-y 2ea.s
8. -sign 15. Co31isi0n
9. Fabrication/Worhans-iip16. Other - See Notes
10. Welding
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TASLE A-7 OETAILFMLY: MISCELLANSOUS CUTOUTS

LWAT20N ON SKIP Ihmberof Numberof Total [~-r.e~tlEs*iMte~l Detail F.ailweRailure

I

Sound Failed
1

:!mber
SSIP mm D4ails Details retails

Observed Gbserved ?b.se,,.ed
3Wd 20
n

20
Naval 200 200

50 50
,P#d 10
H

10
Tanker 50 50

3L __ 2 40 , ..” .,. 4. .“
,Fwd

SenepalCars. g
!=%. 10 10 10 7-F-4
FWd

‘ranker M
Aft 8 2 10 20.0 10 7-F-5 1 8,9 ;
Fwd

C.nteinership$
Aft 30 30 100 7-F-6 e
~“.~

>ner.1 Cargo ~ A
J.?t 10 10 20 7-F-6
R.d

1%scellmeous J(
.Wt 10 10 20 7-F-6
?wd

riaval B 50 50 200
.L+t 50 50 200

7-F-6

Fwd
Tanker n

M-t 30 30 100 7-F-6
.tid

sulkCarrier R 20 20 40 7-G-1 0
Aft 40 40 160
ikd

combination R 10 10 30 7-G-1 A
cm-rier Al-t 40 40 150

Fwd
containershipp 20

Aft
7-G-1

60 2::.
rWd

SeneralC3rgo g 10 10 20
Aft 20 20

7-G-1
40

Fwd
tisce~aneousg 10 10 7-G-1Aft 20 20 ::

ma 100
Navsl E

300
200 900
200

7-G-1
900

Fwd
Tenker E 150 150 200

L% 200
7-G1

200 600
Fwd

SulkCarrier & :: 10 40 7-G-2 0
50 2.10

IWd
combinatio. R 150 150

A
800 ,7-G2

carrier Aft 250 25o 700
Fwd

contalnership~ 50 50 25o
Aft

7-G-2
90 90 250



TASLE A-7 02TAYLFAMIIYc MISCELLANEOUS CUTOUTS

LcY2AYZONON SZIP Number of Numberof Total Fercent Estimatea Detail ?ailure Failure

1

sound Failed Number FailuresIEt.ils Family :.lode cause
SKIP TYFE retails D#cails ~tails on Ship NumbeP

Observed Observed Observed
ma

GeneralCargo g 10 10 60 7-G-2
Aft 30 30 70
Fwd

Misce31ane0us ~ 40 40 150
Aft 40

7-G-2
40 100

FWd 60 60 200
Naval n 200 200 700

Aft 220
7-G-2

220 700
F#d

Tanker E 10 10 80 7-G-2
60 60 100 ~

FWd 20 40
SulkCarrier R 1:: 110 460 7-G-3

Aft 300 300 700
Iwd 30 30 100

combination E 200 200 800 7-G-3
carrier Aft 600 600 1400

Fwd .40 40 150
ContainershipR 159 1 160 .6 700 7-G3 1 7,14

Aft 500 500 1100
Fwd 20 20 50

GeneralCargo R 30 30 130 7-G-3
Aft 80 80 200
ma >“ In 20

60 7-G-3,.,,

. .
f4isce3&aeo.sn N :;

Aft 70 70 ..V I
FWd 500 500
E 1800

1600
Naval 1800 5000

Aft 2197 3
7-G-3

2200 ,1 5600 1
Fwd

7,8
50 ,.” I

Pinker M 200 2;:
4., ”

400
Aft

7-G-3
W9. 1 . 300 .3 800 1 10

Rid
Centainership~ 20 20 30

MY
7-G-4

Fwd 10 :: 20
sum Carrier P 20 60

Aft
7-G-5

30 30 60
Fwd

Combination R
Carrier Aft 20 20 40 7-G-5

Fwd
CcmtainershipR

Aft 80 80 200 7-G5

(~~~e above continuedtable gives inf.r-
mat.ionrelatedto individualdetaildesigns
i“ the 50 ship SUrVeY.
(B)The rm.’slabeledaft,M , =d *d refer
to locationsdons the ship lensth.me
midshi~ s’?mholrow coversthe mid-length. .
throughoutthe entirecargo section.
(C) The numbers1, 2, 3 & 4 in the columnfor
failurenode referto cracks,buckles,cracks
~d buckles,and twisted/distorted,r.espectiveti

(D)Probabledetailfailurecausesare estin!at-
ed to be a canbinationof fatigueand the
other factorsindicatedin the tableby
expropriatemmbers as follows:
5. Shear 31. Neglect

6. Tension 12.!.ssuse/Abuse
7. combinedTension 13.Questionable

emd Shear 14.HeavySeas
8. resign 15. Collision
9. Fabrication/>lor~snip16. Other- se notes
16. Welding
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TASLE A-7 llETA2LFAMILY: MISCELLANSOUS CUTOUTS

L03.iTISONON SKIP Number of Numberof Total Fercent Estimate3

II

sound Failed i+aber FailuresCetails
SHIP 2TFE &tail, Eetalls retai1s on Siiip

Obsenred Observed L!bserve~
lFWd

‘GeneralC-go J1
.A+. 20 20 40
ma

l.tisce31aneous ~
.L?t 20 _. 20 50—
F#d

Tanker H
Aft 60 60 120
P.rd buu

Bulk Carrier R 14:: 4 1500 .3 4800
Aft 600 600 1400
~>~ 366 34 4(JU 8.5 9UU

Combination >:% 1878 22 1900 1.1 6000
Carrier 894 6 900 .7 1600

,>d 271 29 9.-1 1000
‘ontainershipg 3965 35 40:: .9 18000

k-t 884 16 900 1.8 244o
Fwd 900 900 2000

GeneralCargo ~ 1960 40 2000 2.0 9000
p.fy 1300 1300 3000
%3 300 300 700

1.iisce31imeousg 1500 1500 4500
Aft 400 400 1000
.Wd 60 60 200

Naval n 797 3 800 .4 1600
Aft 200 200 300
Fwd 597
H

600 .5 2000
Tanker 6468 3; 6500 .5 ,12000

1700 1700.. 3700
Fwd 120 120 300

combination P 700 700 2100
Carrier Aft 200 ?no mm

Fwd 100
Naval R 900

Aft 3c-
Fwd lC.

Containership g 792
Aft 200
Fwd 200

Naval E 1200
Aft 198
FWd
M

20
Tanker 30

20.-.
3Wd

Tanker E 1200 1200 2000

PW 26o 40 300
Sulk Carrier

13.3
Rd

2000
.4800 4800 24OOO
]84 16 800 2.0 4000

Fwd 600 600 3000
ContainershipJ( 26OO 2600 13000

Aft 1200 1200 6000
Fwci 600 600 3000

Miscetieous g 26OO 26OO
Aft 1200

13000
1200 6000

---
100 500
900 3500

Uu I 300 1000
II” 100 400

8 800 1.0 3300
200 .800
200 600

1200 38oO
2 200 1.0 800

20 50
30 100
20 50

,

Detail ?ailure Failure
Fdmily Xode Cause
Number

7-G-5 0

7-s-5

7-G-5

7-H-1 1 9,14 -

L 8 .LU
7-H-1 1 “

3s A
10,13,15

1 10,11
l— ~

7-H-1 1 9,io,14—
1 9,10,14

7-H-1 1 14,15

7-H-.1

7-H-1 1 15

-i--- ~
7-H-1 1 5,7,8,9—

7-H-2 -u-

7-H-2

7-H-3 1 14 .

7-H-3
A

1,2 15

7-H-3

7-H-4 -D-

1 5,14,15
7-H-5 —

1 14

7-H-5 A

7-H-5’
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TtdLE A-7 DETAILFA342Li: MISCELLANECUS

XX2AITONON ;=P Nunberof MLmberof Total ?ercent Zs*iTw.tedI!et.:1 :ailure Failure

‘p ‘= I ~~~ls =fs ~~~s “’’’W’S :~~

Family Lbde Cause
Nutie,

Observed Observed ?bsemwd
FWd

Tzicer H 14::
60 ’300

1400 7000 7-H-5 —

140 __ 140 700
FWd
H 10:::

500 2000
Tanker 10000 24000 7-H-6

Aft
—

00 800 4000
Fwd

Generalcargo R 100 100 600 7-H-7 -
A?t 79 1 a~ 1.2 200 1 8.12
Fwd

Tanker E 600 600 1200 7-H-7
A? 50 50 200
Fwd 40 40

B* Carrier H
100 7-H-8

Aft
T

FWd
Tanker E 30400

Aft 60.
FWd 200

Sulk Carrier R 1200
“.. “Aa

I

E=Y-11
....
3Wd
*;?

. .

E
tWa 1800

ontainership ~ 10000
Aft 3
Fwd 500

neral CarEo @ 4000
Aft
‘iWd 300

scellaneous jl 1500
Aft
FWd
H

1000
ad 7000

Aft
FWd 2000

t

+

30 100
400 800 7-H-8

w’ 200
200 1000

1200 7000 7-H-9
400 2000

-i-
.+”.
200 200 500
700 700 3500 7-H-9

h

300 300 1000
““) 1800 8800

) 10000 51000 7-H-9
3000 15000
500 2500

4000 18000 7-H-9
) I 10 4500
. 38: 1000

1500 7000 7-H-9
700 2000

1000 3800
7000 22000 7-H-9

)~ 2000 6000
. 2000 8000

25000 65000 7-H-9
4oon 17000
200 600

1000 42OO 7-H-1O
I 500 1200

T

400 1600
3000 11000 7-H-1(I t

blk., & 25000
4nnn

F.rd 200
Sulk Carrier R 1000

Aft 500
IWd 400

combination R 3000
Carrier Aft 800 800 3000

FM 400 400 -z560-- — — —
Containership ~ 2500 2500 12800 7-H-lC

Aft 900 900 3000
NOTSS:
(A)Tne above continuedtable gives infer- (D)Frobabledetailfailurecausesare estimat-
mationrelatedto individud detaildesisns ed to be a combinationof fatigueand the
in the 50 ship my.
(B)n. rows labeledaft, ~ , end tid refer

other factorsindicatedin the tableby

to locationsalong the ship length.The
WTrmri ate numbersa. fdlws,
5. Shear 22. Neglect

midship symbolrow coversthe mid-length 6. Tension 12. kUsuse/Abuse
throughoutthe entire cargo‘section.
(C) The numbers1, 2, 3 & 4 in the columnfm-

7. CombinedTension 13. Guestienable
and Shear 14. Re.svySeas

failuremede refer to cracks,buckJes,cracks 8. -sign 15.Collision
andbuck~es,ud t.wisted[distorted,respectively. 9. Fabrication/F1~rkmshiu16. Other - See Hotes

.

16. WeldiW
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TASLE A-7 DETAILFANILY MISCELLANEOUS CUTCUTS

bXATION ON SHIP Nmber of Nwber of ?Ota.1 Ferce!ltEszirmte: Detail

1

?ailure Failure
Souna Failed Xumber Failures Ds$a.ils Family Xode

SKIP TTFS Cetails
Cause

Eetails” retai1s on *i? N.,>.,
ohser-$e6Gbserved P.se~,ed

m-d 200 200 800
Senem.1Cargo ~ 1284 16 1300 1.2 6000

A?.
7-H-1O 1 12

400 400 1800
-1-

Fwd 100 100 200
fisce31=e0.s g 300 300 A

Aft
1000 7-H-lo

100 100 300
Fwd 400 400 2000

Naval E 2800 2800
Aft

14000
800

7-H-lo
800 4000

Fwd 200
H

200
Tanker

~ ‘ — —
2500 2500

Aft
5600

500
7-H-1O

500 1500
mu 9
E

1’ 10 10.0 20
Tanker 7-H-11 1 ‘3,14

Aft +

Fwd
Ccmbimati.n R
Carrier Aft 47 3 50 6.o 100 7-H-12 ~ ~-j

Fwcf
Containership ~

4ft 100 100 200 7-H-12

F./d
TenAer E &

AI-t 50 50 100 7-H-12

TABLE A-8 DETAILFAKSLR CLE WCE CUTOUTS

bxmsorr ON SS2P N&.berof m.mberof Total pe~.ent ~.+i~a?e~ Detail ?a:i.ureFail,vre

1

SOuna Failed !Tnber Fa5lures Letails Fa3i1y :.:ode Cause
SSIP TYPE &tails retails Cetails on Shi? !!“ma.n

Observed Observed C!bserved
Fwd

Gsnera2Cargo g 234 36 270 13.3 300 8-A-1 1“ 8

m T

Fwd 150 150 400 8-A-2
Containership g

Aft
FWd 150 150 500

Fm2k Carrier R 300 300 1500 8-B-1 -u
Aft
3Wd

Containershipg
Aft 100 100 200

8-B-1

Fwd
Combination R 19 1 20 30
Carrier Aft

8-B-2 1 8.9 T
Fwd

Containershipp
Aft 39 1 40 2.5 50 8-B-2 1 9
Fwd

GeneralCargo ~ 30 30 200
Aft 100 100 300 8-B-2

.
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TA8LE A-8 DETAILF.41,ULY: CLEARANCE CUTOUTS

JXA’I!tONON 81UP Nmber of :hmberof iOtal Percent Es$imaLe3 Detail ?.:lure ?ailuze

I

sound Failed Number Failures*tai 1s Fanily I.imie Cau8e
SKIP TYm retails retails Eetei1s on ship Number

Obserye_d_.Cbserved Cbserved
FWd
E 1;2 2:

150 400
Tanker 1980 1.0 3870 8-B-2 1,2

Aft
8,11,1 2

500 .8 1300 1 8 -u
Fwd

Oene,alCar170g
Aft 50 50 100 8-B-3

rwd
Tanker M 2400 2400 5100 8-B-3 TAft100 100 200

FW3
6Ulk Carrier R

Aft 40 40 100 8-B-4 -u
F<d

Naval R
Aft 70 70 200 8-B-5 T
ma

?.ntainershipJ1
Aft 18B 2 190 1.1 400 8-B-6 ~ 5,,0 T
FWd
n

80 80
Ttier

200 8-c-1

Aft m
Ewd
H

300 300 900
Tanker 628 72 700 10.3 3000 8-c-2 1 14

Aft 70_ 70 100 ~

Fml 300 300 900
Conttinershipg 1100 1100 “5500 8-c-3

Aft 59 1 60 1.7 100 1 9 T

Fwd 100 100 400
Containershipg 8-c-4

Aft T
Fwd 68 2 70 2.9 200

containershipp 8-c-5” 1 14

A?t 650 650 1400

~

.wd 40 40
sulkCarrier I!

100
400 400 1800 8-c-6

Aft 40 40 100 T
Fwd 80 80 200

W acell~eous g 8-c-6

Aft
Fwd

Tanker E
200 200 500 8-c-6

Nm2s:
(A) Tn. above continuedtable gives lnfor- (D)Frobabledetailfailuremuses are estin!at-
mationrelatedto individualdetaildesigns
in the 50 ship surrey.

ed to be a ccmbfns.tionof fati8ue6nd the

(B)The rows 2abeleda’fi,x , and fwd rerer
other factorsindicatedin the tableby

to locationsalongthe ship length.The
aPPrwriate numbersas fdlmm,
5. shear 11. Neglect

uddshipsymbolrow coversthe mid-length 6. Tension
tiuwughoutthe entirecarim section.

12. W.suse/Abuse
7. CombinedTension 13. Questionable

(c) ne numbers1, 2, 3 & 4 in the cOl~n fOF and sheaf 14. Heavy *F.S
failurermde refer to cracks,bucHes, cracks 8. Zesign 15. collision
andbuckles,andtwisted/di.?totied,re.~ectivelY.9. Fabrication/Wor_6hip15. Other- SeeNote.

10. we1din8
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‘IABLE A-8 DETAILFAMILY: CLEARANCE CUTOUTS

1-JXATtON ON 282P Numberof Nmber of Total Percent EstimatetiDetail

‘1

Failure Failure
3nund Fa;l.,+ N>,”,h.,.F,+1,,,.-.Tb+.+1. ....1.. ,.,-.. ,.,,e. I

SHIP TYPE ~tails k
Observed ok

Fwd 40D
Bv3.kCmrrier R 32OO

Aft 1100 , ----
F./d

L — —

Containership p 150 150 800 8-c-7
bet—
Fwd

Containership)1 146 4 150 2.7 400 8-D-1 1
9

Aft 50 50 100 m

FWd
Tanker H

Aft 150 150 300 8-D-I
Fwd 100 100 300

Tanker u 755 45 800 5.6 2000 8-D-2 1
Aft 150 150 400 8’9 T

?Wd
BrJk Carrier R

A.!k 80 .--.80. 200 8-D-3 T

Fwd
c.ntalnership ~

Aft 60 60 100 8-D-3

Fwd
GenertiCargo g

Aft 60 60 100 8-D-4 T

ma 50
MLsce31ane0us~ 240 2:: 800 8-D-4

Aft 100 100 250
Fwd

containership R 146 4 150 2.7 500
A~.

8-D-5 1 5,8 T

Fwd
H

170
Tanker 1880

Aft 400
FWd 500

cmnbination R 3850
arrier jm j

1-.,.i
—

--t

900
10
)0

. . .
M acelhneous g 21;

At-t 300 I
3Wd
u

60
Tsnker 530

Al-t 7r,-

. . . . . ..-—-. .

-t---t

etails &tails
b:erved Obser.red

32:8
llnn

- . . . . . , .,,,. ., .-.. .-s.-
on Ship Numbe.

1000
3.6000 8-”c-7
3ono

170 600
120 2000 6.o 8800 8-o-5 1 5,8

400 1300 _i

500 1400
350 42OO 8.3 16300 8-c-6 1

900
5,8,11, 14

2000 T

60 200
2100 6800 8-D-6

300. 1000
60 200

70 600 11.7 1100 8-D-6 1 8,14
100 300
30 100
90 300 8-o-~
.,-, ,“,? T

J!-..

-t

10
10
:0

+
FWd -i

Tanker E :“
Aft v. ..”

FWd
Mlsce23.aneOus)(

Aft 70 70 200 8-D-8

Fwd
Tanker M 300 300 800

Am
8-D-8

Fwd 3
Generticargo g 4:: 4:: 16:: 8-E-1

Aft 30 30 100
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TASLE A-8 DETA3LF.M.OZY: CLEAAANCE CUTOUTS

T

T

T

. . . ... . . ------- - “--- , .,,, ... ---- ---a-

ils Eeta:ls on Skkip Nuv3eP
erved Observed
14 140 10.0, 350 1

900 5000 8-E-2
1 200 600 8’14 T

I 210 660 A
I 1 950 .1 5700 8-E-2 1 5,10

400 1240
2 150 500 1 14

870 4000 8-E-2
300 900
110 -SCiT-

) 11 420 2.6 1400 8-E-2 1 8,14
) 90 300
1 100 35U 8-E-3

T

60 100 8-E-3

———

.

t===-

1 , , 1
230 .4 700

;
1 15

2s00 .6 6000 8-E-6 2 14,15

160 400,

12 120 10.0 300 1,2 8,14

A’it I
110 300 8-E-7

l-al ,.n 120 400
1500 9000 8-E-8

I 200 600
140 400
2200 9000 8-E-9
,.,-, .nnH

.“. ..”

onteinership ~ 1500
Aft 20Q
Fwd 140

ontainership )1 2200
Aft 26o
ma

tier B 920

FWd
anker u 800

I

t

I

-..!
--u

,-”,, . . .
t

920 2100 8-E-1O 1-11-
1

I

‘“-’ 4 800

1500 8-E-11
T,-. !

*W2
e.nker n 1200 1200 2200 8-E-12 u

Aft

mTEs :
(A) The &me continuedtable gives infer- (D)ProbabledetailfailureCZUS,Sare estimat-
mation rehted to individualdetaildesigns
In the 50 ship survey.

ed to be a combinationof fatigueand the

(B)The rows labeledaft, ~ , and f?rd,efe,
other factorsindicatedin the tableby
apprmriate numbers as follows:

to locationsalonsthe ship 2ength.The
midship symbolrow coversthe mid-length

5. Shear 22. Neglect
6. Tension 12. m suse/Abuse

throughoutthe entirecargo section.
(C) The numbers1, 2, 3 & 4 in the columnfor

7. CombinedTension 13. ~esti enable
and Shear 14. Ke.ax$seas

ftiluremode refer to cracks,bucPJes,cracks 8. restgn 15. collision
fmdbuckles,andtwi.$tedldistorted,respectively. 9. F.brication/NcAx.a~snip 16.Other- Seenotes

10. Welding
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TABLE A-9 DETAILFAMILY: STRJCTUP.AL DECK CUTS

‘UCATIONON SiUP NumberOf &tier of Total ~Tce~t Esti~ted Detail

‘1

Soma Failed Rmber FailuresIMails Family
SKtP TYPE Eetai1s Details retai1s 0. Ship Number

Observed Observed @bserved
F’wd

Bulk Carrier M 20 20 30 ~q.-l
Aft
FWd

Combination R 10 10 10 9-A-1
Carrier Aft

Fad 10 lU Lu
Containership jl 10 3.0 20

Aft
9-A-1

Fwd
*neral Cars. ~ 10 10 10 9-A-1

Aft
FWd

Tanker H 900 900 1230 9-A-1
Aft 30 30 50
Fwd 20 20 40

combination R ii 10 30
Carrier

9-A-2
Aft 10 10 10
itid 10 10 10

!hntainershipp 10 10 10 9-A-2
*+

! ,-..
F%@

GeneralCa.go ~ 10 10 10 9-A-2
Aft
Bd 10 10 10

,Mis.e12aneousg 20 20 30 9-A-2
10 10
20 30

9-A-2
AI-1 50

M-t IQ
Fwd 20

Tanker E
Aft 40 .. ..
P@ 2 20 30,

Bulk Carrier M 2: .20 40 9-A-3
Aft 20 20 30
?wd 20 20 20

Combination R 40 40 100 9-A-3

Carrier Aft 20 20 20
FWd 2 2 30

C.ntainersbip)3 3: 3: 60 9-A-3
Aft 30 30 50
Fwd 20 20 20

Tanker H 9-A-3
Aft 59. .1. 60 1.7 90
Fwd

Combination R 10 10 10 9-A-4

carrier
End

Naval E
10 10 10 9-A-4

FWd
Tanker M

10 _..,. 10 10 9-A-4
IWd 20 20 30

combination I! 90 90 140 9-A-5
Carrier Aft 30 30 40

mm 30 30 4

containersbipg 50 - 50 11: 9-A-5
Aft 30 30 50

‘Faikre Failure
1.:06e Cause

o

A

—

o

A

a

A

1 8

D

&

o
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TASLE A-9 DSTAILF~Y; STRllCIV~ DECK ~T5

hX.41TONON SKtP Numberof Numberof Total Fercent Estimated

- 1

2ound Failed Number FailuresEetails
SHIP TYm &tails Details ret8i1s on shig

Observed Observed Observed
Fwd 20 20 20

Generalcargo Jt 30 30
Aft

60
30 30

FWd
40

80 80 120
M scelleme.us ~

Aft
60 100

.1:: 150
?Wd

220

Combination R 10 10 10
C,-.ier +ft

Fwd
hUsce31me0us @ 10 10

kft
10

FW6
Tanker M 10 10 10

Aft
FWd 30 Su

Bu3.kCarrier R
40

30 30
Aft

60

I%d
containershlp~

Aft 10 10
,_wd

10

Ttier E
A!-t 10 10 10
,_Md

Ttier M 250 250
Aft

340

.Wd 20 20 30
seneral Cargo )1 40 40 120

A%.. 40 40 50
f>d

Tanker M 60 60 60

.wd 10 10 10
Lmlk carrier R 50 50 80

Ai-, 10 . 10 20
Fwd

cOntainershipp 26 4 30 13.3 40
,_ Aft

m d
m scel.laneousg 10 10 20

Aft
m a 30 30 50

Navul R 120 120 200
40 40 60

Noms !
(A)‘sheabcwe continuedtable gives infor-
mationrelatedto individualdetaildesigns
in the 50 ship S-Y.
(B)me rows labeledaft,E , and fwd refer
to locationsalow the ship length.The
midshipSyubolrow coversthe mid-length
throughoutthe entirecargo section.
(C) ne numters1, 2, 3 & b in thecolmm for
failuremode refer to cracks,buckles.cracks
end buckles,ad twisted/diCtortefi,respective3J

Detail Sailure Failure
Family :.lade Cause
Numb,,

9~A-5 o
9-A-5

9-A-6” D

9-A-6

9-A-6

9-A-7 o

9-A-7

9-A-7

9-A-8 o

9-A-9 o

9-A-9

9-B-1 o

9-B-1 1 10 4

9-B-1

9-B-1

(D)probabledetailfailurecausesare estimat-
ed to be a combinationof fatigueend the
other factorsindicatedin the table by
apprcmriate numberB as follows:
5. shear 21. Neglect
6. Tension 12. Mim.se/Ak.use
7. CombinedTension 13. Questionable

and Shear 14. Heayf?eas
8. ces%g” 15. collision

,. 9. Fabricati.n/Workmanship16. Other- SeeNotes
10.Welding

I
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TABLE A-9 DETAILFAMILY: STRUCTURAL DECK CUTS

‘“‘~”FJa 10
Mkcetieous ~ 10

Aft
EWd 10

Naval R 20
Aft 1 1
3Wd

Tanker x
10

..

ma
Bu3.kCarrier R

Aft ::
FWd

Cmnbination R 20
Carrier Aft 20

FMd 80
CcmtalnershipR 70

Aft 90 r , .“ ,
FWd 10 10

GeneralCargo g 30 30
Art 10 10

I I Lu I I lU I Y-B-4 I I I

30
;: 10 9-B-5 o
10 -2T- — — — A
20 30 9-B-5
20 40
80
70 290 9-B-5
.. ,co

.

-167-



TABLE A-9 DETAILFAXtLY: STRUCTURAL DECK CUTS

ATION ON SKtP Nunber of i?=berof Total TR,ee,.tE.$i~t.d D.tail

1

Sound Faile3 Wmber Failuresretails Fa7ily
EIP ‘mm E&ails Eetails ktails cm Ship N.ab.r

Observed Observed Cbserved
Fad 10 10 10

fiscellmeous g 10 10 20 9-B-5
Aft 10 10 10
Fwd 60 60

aval H 300 300 4:: 9-B-5
.ti-t 110 110 140
l-.ci
H

50 50 60
anker 50 50 60 9-B-5

.4?t 6c 60 70
T#d

.mbimation w 10 10 10 9-B-6
arrier Aft

*3
ontai.ershipg 10 10 20 9-B-6

A?.
F..i

Ttier U 20 20 20 9-B-6
Al-t
P#d

aval n
L~t 10 10 10 9-B-7
F-..d

anker n
L“t 10 10 10 9-B-7
.?.d

BulkCarrier H 30 30 50 9-c-1
Aft
~.!j

Combination 1? 30 30 30 9-c-1
Carrier L+t

~..~
combination ~t 4 6 10 60.0 10 9-C-2
carrier

Fw$
combination E 20 20 20 9-c-3
Carrier .Kt

Fwd
Centainershipg 40 100 9-c-3

Aft
Fwd

SulkCarrier M 40 40 80 9-c-4
Aft
Fwd

C.mbination R 100 100 120 9-c-4
Farrier L“t

‘,ilure Failure7
.JOcle cause

o

Q

_.—

(3

F

1 8
w

. r

- F

(~~~~ above continuedtable gives infer- (D)Frob%bledetailfailure..=s.8are estim?-t-
ma.tionrelatedtO indi~d~ detail‘esi@ ed to be a ccmbin.ticmof fatigueand the
in the 50 ship.~eY.
(B)me rowslabeledaft,~ , andfidrefer

otherfactorsindi.atedin the tableby
apprODri.tenumbersas foll~s:

to locationsS.IOIISthe shiplength.The 5. shear xl.IFeglect
tidshipsymbolrowC.V== themid-l=@h 6. Tension 22. nis.se/Abuse
throughoutthe entirece.rg.section. 7. combinedTension 13. Questionable
(C) The numbers1, 2, 3 & ~ in the .oluunfor md Phee.r 14. Heavy peas
failuremode refer to cracks,buct~es,cracks 8. -sign 15. collision

~d buckles,and ttiatea/flistOrted.reWe~tiVeti. 9. Fabrication/Wor_ ship16. Other - see fiotes
.10. Welding
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TABLE A-9 DSTA2LFAN2LY: STRUCTURAL DECK mTS

AXAT20N ONSUP Numberof Numberof Total ?ercent Estimate6

I

Detail FailureFailure
Sound Failed Number F.ilures Eetails Family ;.bde Cause

SHIP TYPE retails Details Eet.ils on ship Number
Observed Observed Observed

Fwd
C.nte.inershipg 260 260 850

Aft
9-c-4

@
Fwd

GeneralCargo n 180 3.80 32o 9-c-4
Aft
FW3

Containership R 10 10 20
Aft

9-c-5
F

F<d
Su2k Carrier R 30 30 40

AIY
9-C-6

F
Fwd

Conte.inershipg 30 30 70 9-c-6
Aft
ad

GeneralCargo g 90 90 160 9-c-6
Aft
Md

Naval n 40 40 50 9-c-7
Aft F

TABLE A-10 DSl!AILFAN3LY: STANCHION E~S

kCCAT20NON SflP Numberof Numberof Total %rcerlt FMi~a%ed Iktail Failure Failure

I

Sound Failed Nm>er FailuresWtails Family iode Cause

SK(P ‘i’’rPE retails Iktails Cet.ils cm Ship Nmber
Observed observed Qb=zved

Fw
Combination Xd lo
Carrier Aft 10 10 1O-A-1 _ k

Fwd
C.ntainershipE 2 10 20.0 10 1O-A-1 $

8, 10

Aft 1: 6 2o_ 30.0 20 8, 10

Fwd 99 1 100 1.0 120 1 6,10
CcmtainershipE 20 20 30

Aft 20 20
1O-A-2

30 _ _ T
IWd 20 20 20

SeneralCargo j( 1O-A-2
Aft 20 20 20 _ .
P@ 50 50 50

i-iiscellane..s R 130 130 210 1O-A-2
Al-: 60 6O_ 60 .
Fwd 20 20 20

Tanker u 10 10 10 1O-A-2
20 20 30

Fwd
hU8celleme0us~

Aft 10 10 10 107A-3 T
Pwd 50

Naval E 1:: 1;: 200 1O-A-3
Aft 30 30 50



.——

TABLE A-10 Ii3T.A2LF.4!!ULY: STANCHION ENDS

MCATION ON SIP Numberof Immberof Total *rcen* Esti~$e~ Detail FailureFailzre

1

sound Failed Wumber FailuresDetails ranily bbde ?ause
SKCP TfFE Dstails Details” Details on Ship , N.*, P

Observed Observed Sbservd
F./d 20 20

Naval E 70 ;: 90 1O-A-4
20 20 30

Fwd 20 20 20
Containershipg 1O-A-5

Aft
ma 20
M

20 30
Tanker

Aft
1O-A-5

20 .20 20
Fwa

Sulk Carrier R
Aft 20 20 20 lo-A-6

T
T
4

TE

md w

Bulk Carrier R
Aft 10 10 10 1O-A-7
kwd} 20 I I 20 I I 30 I I I IT

combination R
Carrier Aft 20 20 20

1O-A-7 –-t
Fwd

Taker E
Aft 20 20 20

lo-A-8
T

Fwd
FmlkCarrier R

Aft 10 10 10 1O-A-9
FWd — T

Nava2 E 20 20 20
Aft 20 20 20

1O-A-9

FWd
Cmbination R
Carrier Aft 10 10 10 1O-A-1C _ T

,>d
SeneralCargo )1

Aft 10 10 10 1O-A-1C
Fwd 10 10
K

10
Vaval

.’Wk
1O-A-1O

20 20 30
Rid 20 20 20

Combination R 1O-A-11
Carrier Aft 10 10 10 Y

Fwd 40 40 50
Combination R
Carrier Aft 40

1O-A-12
40 40

Fwd 10 10 — T
10

Containership ~
w

1O-A-12

NCTSS:
(A)The above continuedtable gives infer- (D)Probabledetailfailurecausesare estimat-
mationrelatedto individud detaildesigns
in the 50 ship survey.

ed to be a ccmbinatios of fatigueand the

(B) ‘rherows labeledaft,~ , and fwd rerer
other factorsindicatedin the table by
apprcrriate nvmbersas follows:

to locationsdons the ship length.The
midshipT_bol row coversthe mid-leng:h

5. Shear 11. Heglect
6. Tension 22. !.!lsuse/Abuse

throughoutthe entirecargo section. 7. CombinedTension 13. mentionable
(C) The numbers1, 2, 3 & 4 in the colum.mfor and Shear 14. Heavy Seas
failuremc.dereferto cracks,buck~es,cracks 8. ksign 15. Collision
end buckles,and twisted/distorted,respectively. 9. Fabrication/Worhianship16. Other- Se Notes

10. Welding
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TABLE A-10 DETAILFANILY: STANCHION ENDS

tiAmoN OIrsmp Number of :$Amberof Total Percent Estimaked’ Detail ~ail~-eFailure

I

sound Failed Number Failuresretails Fa3ily :.!ode Cause
SEXP2TYFE Oetails Details IEtails on ship Nutie,

observed Observed Obsert,ed
Fwd 10 10 10

GeneralCargo )1 14 36 50 50
M-t

1O-A-12 1,4 12
10 lo__

md 30 30 40 — T
IUscelleneo.sE

Aft 10
1O-A-12

1(I 10
Fwd
U

130 130 180
Te.m!ier

Aft
1O-A-12

20 20 20
i’wd

ContainershipR
+ft

1O-A-13
10 10 10

10 10 A 14
. T

,>d 10 10 --
Mtscell=eo.s q

Aft
Fwd T

Tanker n 10 10 10
Aft

1O-A-14

.%d
ContainershipJ1 10 10 10 1O-A-I5

Aft
Fwd 30 30 50 - T

Tanker u 1O-A-15
Aft
T,/d 20 20 30

Combination 1
1O-A-16

Carrier Aft
Fwd

T

Naval E
Aft 10 10 10 1O-A-I6
EWd

Combination R 10 10 10 io-A-17
Carrier Am

FWd ~ v

Temker M
20 20 20 IO-A-17

Fwd
I@scetieous g 10 10 10

Aft
1O-A-18

T
Fwd

GeneralCargo g 10 10 10 1O-A-19
Aft
FWd

— Y

Tanker M
Aft 20 20 20 10-rA-19
Fwd

COmhinatiOn R 10 10 20 1O-A-2O
Carrier Aft . T

FWd 10 10 10
Naval B 20 20 20 1O-A-21

la 3.0 20 ,T
.Fwd 40 40 50

Sulk Carrier R 1O-A-2Z ‘+

Aft 40 40 50
Fwd 20 20 20

Mlscellsaeous ~ 1O-A-2Z v

L Aft
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T~LE A-10 OS1’AILFAXILY, STANCHION ENDS

,ta.ilsICetails I

%

, ;; ~hin , ;-,.:., ---- Cause
..-..

, 10,
I “10 I1O-A-22

v

+

w

r

I 40 I I 50110-A-23”1 <

-TIoN ON =P Nmnberof Nuaber.f Tote-l Ferce3t Zstimated Detail 1

!

Failure.Fa.ilure
sound Failed liu~ber F.ailures Details ,.,”,,., !.!ode

SIUP ‘l-WE E&ails * ,..,.w..
Obse,ve~ .Opservedobserve! _

Fwd 10
Tanker m

Aft 40 40 60 ‘-
md 20 20

Sulk Carrier N
20

1O-A-23
Aft >0 20 20
FWd 40

containershi~u. .
Aft
Pud 20 20

milk C9.rrier x
20 1O-A-24

Aft . v
Iwd 40 40 50

GeneralCargo g 1O-A-24
.4Y,
,Fwd
M

20 20 20
Tanker 1O-A-24

Aft 10 10 10
FWd

C.ntainership~ 10 10 10 1O-A-25
?lft k
Fwd 20 20 30

combination R 1O-B-1
Carrier Aft 20 20 20 &

Fwd
Containership~

Aft 20 20 20 1O-B-1

?Vd 20 20 30
GeneralCargo J( 10 10 10

M-t
1O-B-1

10 10 10
10 10 10

Naval T 20 20 20
Aft

1O-B-1
20 20 20

FWd 20
M

20 0
Tanker

7 1O-’B-1

Aft
FWd 70 70 80

Bulk Carrier R
Aft 70

1O-B-2
70. 80 _ &

Nd 60 60- 60
Combination n 10
Carrier Aft 60 60

1O-B-2
70

Rid 120 120 150
Container*hip~ 20 20 50

m 50
1O-B-2

50 60

No’rEs:
(A)Tne above continuedtable gives infer- (D)Frobabledetailfailurecausesare estimat-
mationrelatedto individud detaildesigns
in the 50 shipsurvey.

ed to be a combinationof fatigueemd the

(B)lme rows labeledaft,~ , and ticlrefer
other factorsindicatedin the table by
appropriatenumbersas follows:

to locationsalongthe ship length.The 5. S5ea.r I.1.Neglect
midshipscbol row cover:the mid-length 6. Tension
throughoutthe entirecargo section.

12. l.iisuse/Abuse
7. CombinedTension 13.Questionable

(C)s!henumbers1, 2, 3 & 4 iz theCOIWUIfor and Shear 14.HeavySeas
failuremode referto cracks,buckdes,cracks 8. Design 15. collision
ad buckles,and twisted/distort.ed,respectively. 9. Fabrication/Wr-ship 16. Other- SeeNotes

19.Welding
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TASLE A-10 DETAILF.4NILY STANCH1ON ENDS

b34’fIONON SIP Nu-.berof Nunberof Tot,a2 Fercent Esti-d$e: Detail F.!lure ?ailure

I

Scmnd Failed l?~~ber FailuresE&ails Fanily Kode Cause
SKCP ITEE &tails Lktails Details on Ship i:utie,

Observed ObSer..ea observed
ma 20 20 20

Generalcars. R 20 20 50 1O-B-2 &
Aft 30 30 40
Fws 40 40 50

M scellaneous @ 10 10 10 1O-B-2 h
Aft
Fwd 60

Naval
60

M
80

210 210 260
~“~

1O-B-2
90 90 110

Fwd~ 2 210 T-7T--- ~ — ——r————~
Tanker E

,,
10 10 10 1O-B-2

A!% 130 130 150
FW5

..sScdlaixous J(
Aft 10 10 10 1O-B-3

$
Fwd

Combi?.ation R lo
Carrier 4ft 10 10 1O-B-A

Fwd @

ti Carrier R
Aft 10 10 10 1O-B75
W6 @

:Taval R 20 20 20 lo-B-6
Aft
Fwd -1

:Taval M 20 20 20 1O-B-7
Aft 20 20 20 &. .
Fwd

containershipg 10 10 10
Aft

lo-B-8
&

Rid 50 50 60
:Javal M 1?0 190 210 lo-B-8

40 40 50
Fw*

Ttier E 10 10 10 1O=B-8
Aft 10 10 2.0
Twd

ccmbinat.ion ~ 20 20 100.0 20 1O-B-9 1 ~

carrier Aft
Fwd

conteinership g 10 10 100.0 10 1O-B-9 1 8
Aft 1

FWd 40 40 50
GeneralCargo U

1O-B-1O

Aft
&

F@
nad M 20 20 20

10
1O-B-1C 4

Aft 10 10

Pwd
:1aY82. E 20 20 20 1O-B-11

Al% 20 20 30 A

FWd
cambination !? 20 20 20 10~B-R

carr%er Art . A
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TABLE A-10 D2TAILFMILY: STANCHION ENDS

lKXAT20NON SHIp Wmber of Numberof Total Percent Estimated

/

sound Failed
Detail 3.:lure Failure

limber Failures2etails FaTily :,bce
SHIP mm

Cause
Details Details Sets.i1s on ship ltaxhe~
Observed Observed.Observed

Fwd
Naval M

Aft 10 I .“ .“ -- - --
Fwd 20 2is--— ~

Tanker n
~ 1O-B-12

Afti
d

Fwd 40 40 50
Containership g 1O-B-13

Aft A
.-a

Naval E 10 10 10 1O-B-13
)--t 10 ,- .- 1

>wd 20
Su2k Carrier E

Aft ) 1
FWd 40 40

iiaval n 60 60
L“t 50 ccl i ;; F=TIIY
Fwd 30

Tanker M
Aft 20
Fwd

6uM Carrier R
,tft 30 30 40 1O-B-15
,Wd

c.nnbinatio”R 3.0 10 30
carrier Aft 10 10

1O-B-15
10

FWd
ccmtairiership p 10 10

30
10 lo-B-i5

Aft 30 30
Fwd

Senem,lcargo J( 40 40 100 1O-B-15 —J
A.ft 10 la ..-.

Fdd 10
w Carrier R

I I ,n I ‘1 , 1-1,1 I I Ii

I r .“ 1 ( .“ I I I
20 20 1O-B-Y4

TA

. .
x -m--

1O-B-15
I 20 20

T. –T, 1

. . .
CObine.tim xA$t lo
arrie, 10

lFwdI 30
ii ‘“–”–’”

I
2:

I 20

(A) ‘IIIeabove contimmd table gives i“fm--
m.tionre2atedto individti detaildesigns
in tbe 50 ship survey.
(B)The rows labeledaft. ~ and fwd rerer. .. . .
to locationsalong the ship length.The
midshin mbol row .cwerzthe mia-lem.,—. _-..=th
throughoutthe entirecargo section.
(C) The mmhers 1, 2, 3 & 4 in tbe colummfor
failuremode refer to cracks, buckles. cracks

I I––-4

(D)B-obabledetailfailurecausesare estimat-
ed to be a mmbination of fatigueand the
other factoTsindicatedin the table by
%Wmriate numbersas foIIWS,
5. Shear 21.Neglect
6. ‘kn,icm 12. Misuse/Abu.se
7. Cotiine~Tension 13. G“Jest.ionable

and buck~es,and twisted/distm-ted.remectivelv. m n-._,....__/,
“. Es. &,,

and shear 16. tieavySeas
n m-:_- 15. Collision
7. .m..~ca..wvWorkmanship16. Other - see Notes
10. Welding

. . . . .—---
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TASLE A-10 DEIAILFAMILY: STANCH1ON ENDS

kCAITON ON SKIP Numberof m.unberof Total

!

sound Failed NtmbeP
SHTP mm retails D2tails retails

Observed Observed 9bsez’ve,
Fwd

F5scelhneous ~
Aft 10 10
ma 30 30

Naval E 80 80
Aft 50 50

Tanker Y 10 10
Aft .70 70
,m’d

GeneralCargo g
Aft 40 40
R.@

Combination R
Carrier Afft 20 20

Fwd
.eneralCargo g

Aft 30 30
Fwd

Naval H 20 20
Aft
End

ccombination )? lo
carrier Aft 10

IWd
containershipfi 28 2 30

Aft
FWd

Tanker E 10 10

P./d
conta.inershipE 8 2 10

Aft
Fwd

Tnuke. E
AI-t 20 20
Fwd

Bulk Carrier M ~ 6 10
Aft
FWd

Tauker z! 9 1 10
Aft
F./d

containershipg 8 2 10
Aft
Fwd

containembip q 20 20
Aft
Fwd .

Ttier H 30 30

FWd
Naval E. 20 20

Aft
w d

Ttier E 10 10

Percent
Failure:

-

6.7

20.0

60.0

10.0

20.0

I
-

I

I

;stimated retail Fs.<lure sailure
ktails iaaily :.btie Cause
m Ship Number

&
1O-B-16

M
110 1O-B-16 ?

90

10 1O-B-16
110

&
50 1O-B-17

20 1O-B-18
P

4
50 1O-B-18 —

30 1O-B-19

- @

10 1O.-B-2O ~

30 10-B~21 1 8,10
+

10 10~B-21
4

10 1O-B-22 1 8
“ n

20 1o-B-23 &&

10 1O-B-24 3 *
Q

10 1O-B-25 1 12

A

10 lo-c-l ~ ~
&

-.. +
~1

20 lo-c-2

r

30 lo-c-2
+

30 ‘lo-c-3

b

10 lo-c-3 t
..J
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TA23LE A.1O DETAILFAMILY STANCHION ENDS

11101110

D2ATIoN ON .%IP Numberof Numberof Total krcent Estimate<

1

sound Failed mmber FailuresCetails
S!UP TYPE tet.ils E&ails retails on slip

Obsemed Observed Observed
Flrd ! 1

Containership ~ 10
Aft
IWd

Bulk Carrier N 4 6 10 60.0 10
Aft
Ewd

combination E
carrier Aft 10 10 10

Fwd
GeneralCargo Jl 8 2 10 20.0 ’10

Aft
FWd

Centairiership R
-Aft 10 10 10
Fwd

Tanker E
Art 20 20 40
FM

Tinker S 20 20 20
Aft
?Wd

Combination x lo
Carrier Aft 10 10

P@
GeneralCargo q 20 20 50

Aft 20 20 20
Fwd

Su2k Carrier M
Aft 20 20 20
P’fd

Combination R 10 10 30
Carrier Aft

FWd
E

20 20 30
Tamker

Aft
Fwd

GeneralCargo g 20 20 50
.i~
FWd 20 20 20

Naval E 20 20 20
Aft

Detail ?ailure Failure
Family :.!ode Cause
Number

1O-C-Q

lo-c-5 1 8

1O-C-6

1O-C-6 1,2 12

lo-c-7

lo-c-7

1O-C-8

lo-c-9

lo-c-9

lo-c-lo

lo-c-lo

1O-C-11

1O-C-12

1O-C-17!

IT
IF
T-?
T .
3

T
T-?
v_t
T
T
3

Iwf2s:
(A)Tn. above continuedtable gives infer- (D)Frobabledetailfailurecausesareestihat-
matlon relatedto individualdetaildesigns ed t. be a combinationof fatigueand the
1. the 50 ship survey.
(B)The rows labeledaft,x , and fwd refer

other fsctorsindicatedin the table by

to locationsalongthe ship length.The
axmopriate numbersas f.llows:
5. Shear 11. Neglect

midships,,bolrow coversthe mid-length 6. Tension 12. f.nsuse/Abuse

throughoutthe entire”cargo section. 7. CombinedTension 13. Westionable
(C)‘me numbers1, 2, 3 k 4 in the colmn for end shear 14. Keavy Seas
failuremode refer to cracks,buck=es,cracks 8. Desisn 15. collision
andbuckles,andtwistefl/distorted,respectively. 9..Fabrication/Wor-ship 16.other- seeNotes

10. Welding
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TiUILE A.10 OETAILF~Y, STANCH20N ENDS

iJX4.TIONON mm NUT/!xi”0? hkber of Total

I

.*rCe~t ES~ir~~ed’Detail :3.5lure Failure
Sound Failed Number Failwes Details

SHIP TYPE
Farily !.bde Cause

Eetails Lkt=ils -tails ml .%i> Nuz>=a.
Observed observed Dbserved

Fwd
Generalcargo g

Aft 40 40 50 1O-C-13
Fwd 30 30
n

40
Naval 70 70 80

At-t 20 20 20
1O-C-13

Fwd
n

50 50 60
Naval 30 30

Aft
40

20
1O-C-14

20 20
Fm3

GeneralCa.rg.J(
&l-t 40 40 50 1O-C-15
&d

cOntainership R
Ai-t 10 10 10 1O-C-16
,%i

G?neml Cargo g 20 20 50
Ar.

1O-C-16

,_Wd
sulk

10
Carrier

10
R

10 1O-C-17

.4ft
Fvld 7n ?n ?n .. ___ t

t
! .. ,

l?wdI

“R ‘-
--

COmbin@.i.n
-- lU-L-18

Carrier Aft
FVd

Naval M
Aft. ,0 20 30 1O-C-18

wbination R 10 10 30 io-c-19
arrier Aft

FWd 20 I 20 20

I=tEEl
aval N ii

20
Fwd

Carrier R
20

Fwd 10
.mtainemhip ~ 10

Aft
Fwd

neral cargo g 20
Aft 10
m.,. a40

20

20

10
10

20
10

66
20

20

10
40

50
10

T

T
T
T
-3

Y1,

-pT?
LE.T

m1O-C-2O

1O-C-2I

1O-C-21

1O-C-21

u
T
‘-T

I

1
hdcer

,.i.,
I

30 40 1O-C-21

! I I i I 1
Aft 30

ENd
Container.hipJ( I I I 1.--”.1 I

m ,10
Iv

FWd

Pde. tM ,0 I :
Fwd

nere.1Cargo R
I

10 10 20 1O-C-23
Aft I Iu
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TABLE A-1O DETAILFAIMTLY: STANCHION ENDS

XXIATIONON SHIP Nvnberof Ihmberof :Otal Fersext Estim.**: Detail

1

?ailure Failure“
Souna Failed Number Failuresretails Family Mode Cause

SKIP ‘mm retails IWtails retails on Ship Nu,mi,er
Observed Observed ?bsewed

Fwd
Naval M 20 20 20 1O-C-24

Aft
T
Lf

Fwd
Containershipg

Aft 10 10 10 1o-c-25
v

,,

Fwl
Miscellmeousu

Aft 10 10 10 1O-C-25 –j
fid 10 10

ikaval M 10 10 20 1o-c-25
Aft 10 10 10
Fwl

ContainerShipg
A% 20 20 20 1O-C-26

— wFwd
maker H 4

Aft 10 10 10 1O-C-26
Fvd

Containershi?g
Aft 20 20 20 lo-c-27

wEwd
combination E
carrier Aft lg. 10 10 1O-C-28

P{d v
sulkcarrier )4 ~.

Aft 20 30 1O-C-29
v

TABLE A-11 DETAILFAMILY: STIFFENER ENDS

TION ON SHIP Numberof Numberof Total Percent Estim.te3 Derail ?ailure Failure
limber

G Tim I1 I:%sw:,1=’=.1
Fe+lurestetails Family !bde. Cause

cm Ship Number

+=”

r
Observed......v 5 [Doseqre.gl .-

w 200
17d

450

Eiul.k
ii-A-l

Ill

-M*
Carrier

Aft 190 1 ..J 450 1 5

280 />U >
FWd .0.

combination K 300 300 900 ll~A-1

b.~ ier Af I -t 300 300 700

WoTss:
(A)The above continuedtablegives infor-
mationrelatedto individualdetaildesigns
in the 50 shipsurvey.
(B)‘merowslabeledaft,E , andf’w~ref.,
to locationsalong the ship length.The
midship slmbolrow coversthe mid-length
throughoutthe entirecargo section.
(C)l“henumbers1, 2, 3 & b in the columnfor
failuremode refer to cracks,buckles,cracks
and buckles,emd twisted/distotied,respectively

(D) Frobabledetailfailurecausesare estimat-
ed to be a combinationof fatigueend the
other factorsindicatedin the table by
approuriate numbersas fallows:
5. Shear 12.Neglect
6. Tension 12. Misuse/Abuse
7. CombinedTension 13.@iestionable

cmd Shear 14.HeavySeas
8. I?esign 15. collision
9. Fabrf.@ion/Wor_ ship16. othe~- SeeNotes
16. Welding
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TABLE A-n OETAILF-Y: STIFFENER -S

~2TON ON SFZP Nunber of Nvmberor Total Fercext Estima$e<

“1

Sauna Failed Number FailU-esOete.ils
SKtP mm I!etails Cetails C&ails on ship

Observed Observed Observed
Fwd 90 180

Containership R 2;: 29o 900
Aft 340 340 700
IWd 70 70 lSU

SenerelCargo g 173 7 180 3.9 510
Aft 118 2 120 1.7 280
ma 50 50 100

Msce31ane0us J( 60 60 150
Aft !30 80 180
Fwd -1 700 LS5U

Tanke= & 15:: 77 1600 4.8 4s00
650 650 1200

Fwd 150
Containershipg 1:: 2 1;8 1.7 400

Aft 80 80 150
.%d

GeneralCargo JI
M-t 10 10 20
FWd
H 20

20 30
Tanker

Aft
F{d 20 20 40

Bulk Carrier E
Aft
Fwd 290 290 610

Containership)1 207 3 210 1.4 700
Aft 110 110 280
-$

Generalcazgo g 30 30 100
Aft 50 50 100
IWd 19 1 20 5.0 50

Naval n
Aft 20 20 .40
FWd 30 30 60

Tder E
Aft 69 60 140
FWd 50 50 Uo

Naval E 120 120 300
Aft 70 70 170
Fwd 19 1 20 5.0 20-

Containership g
Aft
Fwd 20 20 30

Tanker H
Aft
ma

C.nte.inershipg 97 3 100 3.0 300
Aft 18 2 20 30.0 20
ma

Naval M 63 7 70 10.0 100
Aft
m 170 170 350

Bulk Carrier Ma 430 430 1400
Aft 210 210 450
FWd 375 5 380 1.3 820

ccmbin@,iOn R 360 360 1200
arrier Aft 250 250 450

Detail Sailure Failure
Family :.!ode Cause
N.P3er

.1-A-1

1!

~+

.1-A-I 1 5
1 5 ~~Id

.1-A-1

.1-A-1 1 5

.1-A-2 1 5
11

11-A-2

U-A-2 1

tl~A-.3

llu

L1-A-3 1 5

117A-3 7
1 6,8,14

11-A-3 .....J

I
11-A-3

11-A-4
B 1

11-A-5 1 5

10
11-A-5 q

5,7
11-A-6 ; 8 Do

11-A-6 1 7 t

11-A-7
Ur

1 14
11-A-7
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TABLE A-11 DSl!AILFA1.5LY: STIFFENSR ENDS

——

WAT20N oN mm Numberof Nmber of Total Fercent Estimated

I

sound Failed Wdiiber Failuresretails
SWIP TrFz Cetails Details &tails on ship

Observed Observed Observed
ma 547 3 550 .5 1240

CO.tainership~ 1104 6 1110 .5 3500
Aft 660 660 1480
IWd 210 210 490

Genem.1Cargo )1 1120 1120 3800
Afl ~ 500 1110
II@ 110 110 190

Misce21ane0us p 30 30 100
Aft 100 100 190
F.$d 604 6 610 1.0 1280

Tanker H 820 820 1620
Aft 540 540 1580
Fwd

Combination *;% 200 200 600
Carrier

Fwd 80 170
Naval E 4:: 42o 1020

Afft 166 4 170 2.4 380
,Fwd 80 80 200

Bulk Carrier R
Aft 170 3.70 400
IWd 40 40 100

Combination R
Carrier Aft 90 90 200

Fwd 50 50 100
Centainership )1 120 120 400

Aft 150 150 310
Fwd 60 60 160

GeneralCarSo ~ 120 120 400
b~. 110 110 24o
FWd 24o 24o 600

Naval R 1600 1600 4200
Aft 300 300 1200
Fnd 87 3 90 3.3 200

Tanker n
Aft 130 130 250
Fwd 230 230 580

Naval E l:fi 1500 3500
400 1020

Iwa
Conta%nershipE

Aft 20 20
Fwd 60 ““+60

Nava2 E
Aft

NCTSS:
(A)The above continuedtable gives infer- (D)Probablede<

Deta:l
Family
NUmbe.

11-A-7

11-A-7

11-A-7

11-A-7

11-A-8

11-A-8

11-A-9

11-A-9

11-A-9

11-A-9

11-A-9

11-A-9

11-A-1(

11-A-11

11-A-11

kai1 failure causesare estimat-
mationrelatedto individualdetaildesigns
in the 50 ship survey.
(B)lhe rows labeledaft,~ , and fwd refer
to locationsalong the ship length.The
midshipsyub.1row coversthe mid-length
throughoutthe entirec-go section.
(C)The numbers1, 2,3 & 4 in the columnfor
failuremode refer to cracks,buck~es,cracks
and buckles,emd twisted/di%orted,respectively.

ed to be a cmnbinationof fatiguewd the
other factorsindicatedin the table by
apprormiate numbersas follows:
5. Shear 21.Ne@ect
6. -nsion 12. M suse/Abuse
7. combinedTension 13. west io~able

and Shear lb.HeavpS.sss
8. riesign 15. Collision
9. Fabrication/Wnrtiship16. other- seeNotes
10.Welding
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TABLE A-11 OET.ILFA1.~Y: STIFFENER ENDS

tLCCATIONON SIUP I NunberofIntiberofITotti

I Sound
s-mP mm Cetails

Observed
F’wd 50

Taker E
Aft 60.-. 60
Fwa

Bulk Carrier N
Aft 20 20
FWd 30 30

Vaval E 110 110
Aft 50 50
Fwti

Tanker !-1
Aft 40 40
R?d 30 30

Combination N
Carrier Af$ 30 30

m..,A “.

Containership)1 58 2 60
A?. 6’0 80
Iw3 20

Taker E 1;: 5 200
Aft 16 4 20
Fwd

ContainershipJ1 60 60
Aft
Fwd

Containershipq 3% 8 3:8
Aft. 247 3 25o
,Fwd

OenerelCargo ~ 60 60
Aft
ad 20 20

GeneralCargo g 90 90
‘H-t 50 ~n
ma

Tanker E 1908 12 1920
Af”t
Fwd

Containership )1
Aft 59 1 60

Fwd
Containership g 9 1 10

L%
EWd

GeneralCargo q
Aft 30 30

Fwd 50 50
Tanker k!

FWd

I 1~ I 60 I
Il=wdl 40

L lAftI 40

?rcent Es$?.~tedt DeTail FailureFailure
>~~we~ ~~a:~~ Fa~ily yfa~ Cause

on ship Nuder

100
11-A-11

100 fi[

20 11-A-12.
60

]!

240 11-A-12
100 -...1

60 ,11-A-12
50

11-B-1
50 Bo

3.3 200 11-B-1 1 5
180
20

2.5 400 11-B-1 1 7 “-l-.
20 1 5

200 11-B-2
~1

:,

100
2.2 1200 11-B-3 1 7
1.2 500 2 14

— F

200 11-B-3 _?

50
350 11-B-4
7no — r

.6 32OO 11-B-4 1 7

1.7 100 11-B-5 1 7
r

10.0 20 11-B-6 1 8
.<

-1

60 11-C-1

100 11-C-1
UTY.

100 11-C-2 UT
80

410 11-C-3
150 ul
50

100 11-C-4
50 UT

.

,
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TARLE A-n fWPAIL FM.5Y: STIFFENER ENDS

ACATION ON SKIP Numberof Numberof Total Fercent

1

Sound Failed I?unber Failures
sfuP mm Eetails E4ail. Eetails

Obserred Observed @bserved
ma

ContainershipJ(
Aft 60 60
Fwd

Nawal E 13 7 20 35.0
Aft
5Wd 20 20

Combination R
Carrier A?t 20 20

FWd
Centainership g

Aft 60 60
rwcl

GeneralCargo g
Aft 30 30
Fvd

lanker “ E
L- 110 110
.wd

Containershipg 60 60
Aft
Fwd 50 50

I@scellaneo.sg
Aft 40 40
Fwd

Tenker E 30 30
60 60

Fwd 200 200
Naval B 1060 1060

Aft 36o 360
FWd

Cc.nte.inershipp 58 2 60 1.7
Aft
Rid

Tanker .E 2108 42 2150 2.0
160 160

Fwd
GeneralCargo g 60 60

Aft
f-d 10

Tanker E 120 1::

Fwd 20
M

20
Tanker

20 20
ms:
(A) lbe above continuedtable gives info.- (D)Probable
metionre3atedto inditidti detaildesires ed to be
in the 50 ship —y.
(B)TIM rows labeledaft,~ , and fwd refer
to locationsalongtbe ship length.The
midshipsymbolrow coversthe mid-length
throughoutthe entirecargo section.
(C) l%e numbers1, 2, 3 & k i“ the coluomfor
failuremcde refer to cracks,buckles,cracks
md buckles,and ttisted/clistorted,respectively.

Estimated~~rai~ FailureFailure
Details Family Mode cause
an Ship Number

110 11-C-5

20 11-c-6 1 8

50
11-D-1

50

120 11-E-1

50 11-0-1

200 11-D-1

200 11-D-2

110
11-D-2

90

50
100 11-D-Z

560
2700 11-D-3
1250

*

i-

T
P
D
D

detailfailurecausesare estim4t-
a combinationof fatieueend the

other factorsindicatedin the-tableby
apprwriate numbersas follows:
5. Shear 11. ffeglect
6. ?ension 12. Mlsuse/Abuse
7. CombinedTension 13. Questionable

and Shear 14. Heaw Seas
8. -sign 15. Collision
9. Fabrication/WcAananship16. Other - See Notes
10. Welding
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TASLE A-12 IIETA2LFAI.ULY: PANEL STIFFENERS

kXATION ON SHIP ltunberof Mnber of Total Percent Estimated Detail

I

?ai1~-e Failure
SOlmd Failed Number Failuresretails F&xily Node Cause

SUP TYm retails Oetails &tai 1s on Ship Nurber
Observed Observed Obsemed

F#d
Naval E 6 24 30 80.0 30 12-A-1 1

Aft 5“ 8 ~

3Wd~ --mm
Tanker M 60 60 100 12-A-1

330 330 600
Fwd

GeneralCargo ~ ~
Aft 20 20 30 12-A-2
Fwd

Tanker H A
Aft 40 .. cn 1?-A-?

FW6
m Carrier R 1;; I 4

Aft
FWd 120

ombination L-L)?
Aft
ha

1 -. J“ L. . . . J
30 40

9 160 2.5 490 12-A-3 1 15
60 110 l-l

120 24o
400 400 1220

4

210
12-A-3

210 440
1<n 150 32o

600 2050
32o

12-A-3
63LL_

100 210
$ 300 1.3 1000 12-A-3 1 8
5 220 2.3 390 1 11

40
60 1:8 12-A-3
70
200 500

2100 5500
400

12-A-3

210 46o
670 1310
“mm 12-A-3.,,..

. ..- -..
Containership~ 600

Aft 320
Prfd 100

GeneralCargo ~ 296 4
Aft 215 5
FWd 40

H sce31sne0us ~ 60
Aft 70
Fwd 200

Nava2 M 2100
Aft 4(30
Pwd .210

Tinker n 670
490 ‘... , L“,” .

Bbd
Naval R

150 150 220 12-A-4
Fwd

Tanker E
Aft 90 90 160 12-A-4
Fwd 60 60 100

Combination R
12-A-5

Carrier Aft
IWd

Ganera2Cargo H 10 10 30 12-A-5
Aft
FWd

Ulscetieous g
Aft 40 40 50
FWd

12-A-5

Tanker E
40 40 50 12-A-5

l-l
-?

l-l

1—
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TAOLE A-12 DETAILFAMIIY: PANEL STIFFENEP&7

LCCATIONON SIUP Numberof lmmberof Total Percent Estimate<

I

sound Failed Number FailuresDstails
sImP mm I&ails retails E&ails on SJIip

Observed Observed @bserved
ma 291 9 3 600

Bulk Carrier R 12.87 13 1288 424o
Aft 460 46o 990
ma 40 40 70

Combination R 160 160 550
carrier Aft 90 180

Fwd :: 40 60
Containersbip)1 130 130 440

Aft 60 60 100
Ilfd

Generalcargo J( 135 5 140 400
Aft 70 7 100
I-d 20 2: 30

?.fisce21me0us ~ 20 20 60
Aft 30 30 40

Rd 50
50

VWa2 400 400 10::
80 80 190

ma 80
E

160
Tanker 26o 2:: 500

Aft 23o 230 390
FWd

Naval E 10 10 100.0 10

Fwd
sulk carrier R

17 3 20 15.0 20
Fwd

NSV7.2 E
120

3:: 3:: 840
Aft 110 110 24o
Fwd

8u3.kCarrier R 30 30 100
Aft 50 50 100
F?rd

Combinatio” R 702 8 710 2200
Carrier Aft _

50 50 100
Ccmtdnership y 200 .200 700

Aft 220 220 400
FWd 20 20 20

Containership~
Aft 40 40 60
Fwd 50 50 80

GeneralCargo g 85 5 90 5.6 300
Aft 60 60 100

Detail Failure Failure
Family }tide Cause
Number

1 14
12-A-6 1 15 m

12-A-6 +

12-A-6

12-A-6 1 8,13

!
12-A-6

12-A-6 --1

12-A-6 —-

12-A-7 1 5,8 T

12-A-8 1 8
H

12-A-8

\n!

12-A-9
w

12-A-lC 1 5,10 —

12-B-1 H

12-B-2 w

12-B-2 1 5 J

IwTEs:
(A)The above continuedtable gives infer- (D)probabledetailfailurecausesme estimat-
mation relatedto individualdetaildesigns ed to be a combinationof fatigueand the
in the 50 ship survey.
(B)The rows labeledaft,x , and fwd refer

other factorsindicatedin the table by
appropriatenumbersas fdbws:

to locationsalonuthe ship length.The 5. Shear 22. Neglect
6. Tension 12. 5.nsuse/Abuse
T. combinedTension 13. Questionable

and Shear 14. Heavy Seas
8. IEsign 15. Collision
9. Fabrice.tion/Ncmkmanship16. Other - Eee Iiotes
10. Weldins

midshipsymbolro~ coversthe mid-length
throughoutthe entirecargo section.
(C)TIIenumbers1, 2, 3 & 4 in the columnfor
failureretierefer to cracks,buckLes,cracks
md buckles,and ttisted/distotied,respectivdy.
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TA!3LE A-12 DETA2LFAMILY: PANEL STIFFENERS

1 50 100
I

x 1$: 12-B-3 p
20 30
90 2z6---

270 980 12-B-3

kCATION ON 3w2P Numberof Wmber of Total Percent Estim.ateiDerail FailureFailure

I

Sound Failed Number FailuresCetails FamilY :.!ade
SFUP 2TPE

Cause
&tails D3tails Details on ship Numb.,
Observed Cbserved Obsewed

Fwd
Naval E 60 60 140

Aft
12-B-2

H

Rid 30
M

30 50
Tanker 12-B-2

Aft 50
.Wd 30

B13k Carrier E 40
Al-t 20
F@ 90

Cciubination E 270
Carrier Aft 190 I 190 I I 430 l-- -

Fwd 60 60 130 +
Conttinership~ 120

Aft 116 -
rFwd 50

Generalcargo ~ 100
.Aft 80 , -. J. .r”
Fwd 20 20 ~ o

ldls:e~eneousg 30 30 120 12-B-3
Aft 30 30 50
Fwd 20 20 30

Naval E 70 70 230
L“t

12-B-3
20 20 40

FWd 110
E

110 : ~ j
Tanker 210 210 450 12-B-3

Aft 200 200 660
Fad 10 10 20

milk Carrier M 20 20 90 12-B-4 ~
kft 20 20 40 e
Fwd 30 30 70 A

Ccmbination ~$t ;: 70 260
Ce.rrie~

12-B-4
60 120

End 20. 20 30
Containershipg 30 30 100 12-B-4

Aft 30 30 50
Fwd 10 10 20

GeneralCargo J( 40 40 120
Aft 40

12-B-4
“,. .. +

Fwd
u

17 3
Tanker

Aft
FWd 20

Naval n 210
40

3Wd
Bad

~. ::

120 480 12-B-3
I 4 120 3.3 32o 1 11,12

50 100
100 400 12-B-3

. . , .,-,

‘+. 0“

3 20 15.0 30 12-B-4 1 14

J
20 50

210 540 12-B-5 ~
40 110
10 20
20 60 12-B-6 &
20 4n

5 17:8 .4 40:: 12-B-7 1 15 &
-.

_ ~t 20
End

Naval g 16i~ 6
Aft L.. 1 I I I I
ma 330 330 1160

Naval i7 3400 3400 8020 12-B-8
~“

700 700 2570

——
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TA8LE A-12 LETtULF-Y: PANEL ST1FFENER5

‘LCCATTONON smP Numberof I’mmherof Total Fercent Estimate? Detail

“ I

sound Failed !hxuber
Yailure Failure

FeSlures Oe?ails Fanily :.bde Cause
SHIP mFE T&ails Detai18 ktails on Ship Nurhe,

Observed Observed Observed
FWd

Containership)1 120 120 400 12-C-1
Aft A
Fwd

GeneralCargo J( 60 10 70 14.3 200 12-C-1 1 8
Aft
FWd 10 10 20 — -“-i

Tanker m
Aft 30

12-C-1
30 50

FWd 20 20 40
Nayal E 50 50 160 12-C-2

Aft 180 180 400 L
Fwd 90 90 200

Bu3.kcarrier. J( 60 60 200 12-C-3
Aft 190 190 400 --l
FWd 50 .50 3.20

x4isce2.3.aneo.sg 310 310 950 12-c-3
Afi~ _ 6.n 130

— F,./d 350

A

35; ;00
18 4900 4 13000 12-c-3 ~ 7,10

370 700 L

I I 5U I I
l%

\ I I
5U

120 400 12-c-4 IT—
50 100

100
3:8 900 12-c-4

1 90 200
24o 500

2200 5500 12-c-4
120 200

1 7

W2TEs:
(A)‘Ibeaba continuedtable gives infer- (D)probabledetailfailurecausesue estimat-
mationrelatedto individti detaildesigns ed to be a cabination of fatigueand the
in the 50 ship surveY.
(B)2’herows labeledaft,M , and fwd ~fer

other factorsindicatedin the table by
appropriaten~bers as fo~~s:

tO locationsd-onethe ship lensth.me 5. Shear 21. Neglect
midship symbolrm+ cwers the mid-leneth 6. ~nsion 12. Mtmme/Abuse
throughoutthe entirec-go section. 7. CombinedTension 13. Questiatile
(C) The mmbers 1, 2, 3 k 4 in the colvcmfor and Shear 14. Heavy 5eas
failuxemode refer to cracks,buckles,cracks 8. oesign 15. Collisiou
md buckles, and twisted/distorted,respectively. 9. Fabrice.tion/WOrtiship 16. OLher - -e EOtes

10. Welding
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TABLE A-12 DETAILFAMILY: PANEL STIFFENER-$

iAXAITONON SKCP NvknberOf Numberof Tot82 Percent Estimated Detail FailureFailure

1

sound Failed Nurber FailuresDetails Fanily l.bde
SHIP TfPE retails

Cause
E&ails IPtails on Ship Number

Ohsewed Observed Observed

SU2.kCarrier Ed 30
30 60

200 200 620
Aft 70

12-c-6
70 120 A

Pad
E

20 20 30
Naval 80 80

Aft
150 12-C-6

o 0
Fwd

Tanker u
I

Aft 110 110 200 12-C-6
,-’3

Tanker E 400 400 800
Aft 60 60 100 12-C-7 - A
Fnd 200 200

Sulk Carrier
500

R
Aft 60 60

12-c-8
100 A

F@ 30 30 60
?cmbinatlon R
Carrier Aft 80 &

12-c-8
140

,>3
ContainershipR

Aft 50 50 100 12-C-8
Fnd
u

50 50
Tanker

100
410 410

MY
Soo

90 90
12-C-8

200
FWd 60 60 100

Tanker n 390 390 900
Aft 80

12-C-9
80 150 ~ .Ji2

PA
Naval II

Aft 24o ..,5 <mm 12-D-1 i

FWd
Containershipg 190

Aft
Fwd 20

Tanker H 290
40 _ I

?kd
GeneralCargo ~ 80

Aft
Fwd

Containership g 32o
Aft
F//d 7o“”

@mbinaticm R I

t==--

.-.. ““”

20 210 9.5 650 12-E-2 1 8,10,.1 5

20 40
290 65o 12-D-2

L 40 60

80 100 12-D-3

80 400 20.0 750 12-D-4 1 8,10,1 5

7n 130 17_lk5
II

.-

I I I I I
I I I

—

1
J
JI-
Jf-
_@-
4

Eli=
nerd Cargo J( 20 1201

Aft
I 20 I 12-D-51 I ~

Wd 40
Ombinatlon R
arri er 110

Fwd
ontainershipg 40

A?t
Fwd

onttinersblpR 90
.*

I —

40 100
12-E-1

110 200 n

40 50 12-E-1

10 100 10.0 i20 12-E-2 1 12 1
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TABLE A-12

XXAT20N ON SEIP Number of Numbero

-1

S-nlna Failed
saP lTFE retails Details

Observed Observed
Fwd 60

Containershipg 80
At%
Fad

Containership~ 59 1
Aft
Fwd

CcmtainershipJ( 69 1
Aft
Fwd

Ccmts.inershipp 76 4
.Aft
R@ 20

Tanker P
Aft 60.
.Fwd

‘ontainership~
Aft 88 2

~TA2L FAM2LY: PANSLSTIFFENERS

T
Otal I&-cent
umber Failure
etails
bserved

o
80z60 1.7

70 1.4

80 5.0

20

60

33=
:sttp~te~Detail Failure
etails Family kae
n SIip i{umber

120 12-E-3

100 12-F-1 1

100 12-F-2 1

100 12-F-3 I

200 12-F-5 1

5,10

15

7,8

7

mmss:
(A)Tne above continuefltable gives fnfor- (D)Fr.babledeteilfailurecausesare e.timat-
mationrelatedto individm detaildesigns eflto be a ccmbinhtionof fatigueend the
in tbe 50 ship survey.
(B)The rows labeledaft,~ , and fwd refer

other factorsindicateain the tale by
appropriatenumbersa,sfollows:

to locaticmsalonBthe ship length.The 5. Shear 22. Neglect
uddship wmbol row covers the mid-length 6. ‘mnsim 12. l.tisnse/Abuse
throughoutthe entirecargo section. 7. CombinedTension 13. Questionable
(C)‘me numbers1, 2, 3 & b in the c.lm for and Shear
failuremode refer to’cracks,bucAles,cracks

14. Heavy Seas
8. Design 15. collfsion

and buck2es,and ttisteflfdistorted,respectively. 9, Fabrication/Workmanship16. Other - 2ee N.tes
10. Welding
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