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INTRODUCTION

Newpnrt News Shipbuilding received a contract on December 6,
United States Coast Guard to perform the Ship Structure Committee

1977, from the
Project SR-1258.

This project titled, “Structural Details Failure Survey, Part II,” is a continuation
of the Ship Structure Committee Project SR-1232, “Structural Detai 1s Failure Survey, ”1
completed in June, 1977, by Newport News Shipbuilding. In Part II, structural
detail failure data and percentages of failures for twelve families of details
were collected from surveys of the midship/cargo sections of thirty-six ships. The
thirty-six ships included three ship types, bulk carriers, containerships, and
general cargo ships. This project, under the advisorship of the National Academy of
Sciences, Ship Research committee, is intended to extend and confirm the conclusions
of the report titled, “In-Service Performance of Structural Details. “1

In project SR-1232, Newport News Shipbuilding surveyed fifty ships of various
types while undergoing maintenance or repairs at various shipyard/repa(& facilities
from which the structural details obtained were grouped into twelve typical families.
Using the same survey techniques and data analysis procedures developed in that
project, an additional twelve bulk carriers, twelve container ships, and twelve general
cargo ships were surveyed in the midship/cargo area under project SR-1258. Sketches
of configurations, discussions on noteworthy observations, and summary tables for the
structural details observed in this second survey is contained in the text of this
report. In addition, the data collected in the continued survey has been combined
with the data from project SR-1232 to expand the data base in the midship sections
of the three ship types and serves to confinn or refute any conclusions that wsre
arrived at in the first survey. This combined data from both surveys is tabulated
in Appendix A.

This report serves two purposes: It is an adjunct to SSC-2721 by increasing
surveyed data in the midship/cargo sections of three of the ship types; and, it
summarizes the data of tbe two surveys for ready use by design and repair offices.
It must be remembered that the often overlceked structural detai 1 is the key link
in providing structural continuity for the primary structural components throughout
the entire ship and if that link fails, it could mean a costly lay-up in a repair
yard or even the loss of the ship.

SHIPS SURVEYED

Table 1 is a summary of general information for the ships in the survey. The
ships ranged from 428 to 847 feet (length between perpendiculars) in length, from
18,000 to 90,000 tons in displacement, and from five to twenty-six years in age.
Five of the ships, ranging from twenty-four to thirty-five years of age had been
converted, lengthened, and/or deepened seven to seventeen years ago and were still
in use. Twenty- four of the surveyed ships were built or converted in sixteen domestic
shipyards and twelve were built or converted in ten different foreign shipyards.
When combined with the first survey, this brings the totals of the three chip types
to sixteen bulk carriers, twenty- four containerships, and seventeen (171 general
cargo ships.

LOCATIONS OF SHIPS SURVEYED

The majority of the ships surveyed were in repair yards on all three coasts
of the United States. It quickly became apparent that bulk carriers were not as

1. Jordan, C. R.; Cochran, C. S., “In-Service Performance of Structural Detail s,”

Ship Structure Committee Report SSC-272, dated 1978.

.-



TABLE 1

SUNNARY OF SHIPS SURVEYED

L- Average Average Average Number Built
No. Of LBP Displacefnent Age
Shi s Classification (Feet) (Long Tons) _Years USA EQZQ!32

I12 Container ships 630 29,6oo 10 10 2

I 12 General Cargo 518 21,200 18 12 0

12 Bulk CarrierB 639 44,900 13 2 10

36 Average/Total 596 31,900 14 24 12

.

easy to locate as the other types of Bhips since the majority of the bulk carriers
fly foreign flag and, thus, have their repair work done in foreign yards. There fore,

four of the bulk carriers surveyed were located at loading facilities. Although this
was not as convenient for the surveyors as having the ship in a repair yard (because
of loading or unloading) , the shipowners were very cooperative by opening holds,
wing tanks, etc. , that were normally closed.

Nineteen of the surveyed ships were at Newport
seventeen ships, eight general cargo ships and nine

News Shipbuilding. The remaining
bulk carriers, were surveyed

elsewhere.

The following is a list of survey locations:

Newport News Shipbuilding, Newport News, Virginia
Norfolk Shipbuilding and Drydock Corporation, Norfolk, Virginia
Bethlehem Steel Corporation, Sparrows Point, Maryland
Alabama Dry Dock and Shipbuilding Company, Mobile, Alabama
Tampa Ship Repair and Dry Dock Company, Tampa, Florida
Two loading facilities near San
One loading facility near Perth
Norfolk and Western Coal Piers,

Francisco, California
Amboy, New Jersey
Norfolk, Virginia

SHIPBOARD SURVEYS

The same twelve typical structural detail families that were selected in the
first survey (project SR-1232) were used in this survey. The family groups are
beam brackets, tripping brackets, non-tight collars, tight collars, gunwale
connections, knife edge crossings, miscellaneous cutouts, clearance cutOutB,
structural deck cuts, stanchion ends, stiffener ends and panel stiffeners. Figure 1

shows the typical configuration for each family group and a description of itB
principal function.

The following procedures were used in conducting this survey:

o Review data and interview sheets from project SR-1232

o Review the final report of project SR-1232 (This was to assure the same

apprOach and/Or techniques were used in both surveys. ). . .,.



Detail
Family

No. Family Name

1 Beam Brackets

2 Tripping Brackets

1

1 3 Non-Tight Collars
Y

4 Tight Collars

5 Gunwale Connections

6 Knife Edge
Crossing

FIGURE 1

TYPICAL DETAILS SURVEYED

Function

Provide designed end constraint for
primary framing and stiffening members.

Provide lateral support
and stiffening members.

for framing

Provide a shear connection for
framing and stiffening that are
continuous through support plating.

Same as 3 above with the
additional function of ensuring a
tiqht condition for the penetrated
plite.

Join the
plate to

strength deck stringer
the shear strake.

,,
,’

Has no useful function. It is

a potential problem area that
should be avoided.

Typical
Conf igu ration
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0

0

0

0

0

Obtain and review a copy of the ship’s repair specifications, when possible

Receive approval frem Port Engineer (or uwner’s representative) end
Captain to survey the ship

Interview Port Engineer, Captain, First Mate or Chief Sngineer fOr preSent
and historical structural problems, as well as any other in-performance

.

incidents that would affect the project

Inspect the detail families in all accessible compar~nts in the midship/
cargo section of the ship

Racord all data and take photographs of unusual conditions, where allowed.

Identical ready reference data sheets used by the surveyor for the firSt fifty
ships were used and included such data as:

..
Ship

0 Type
o Size (but not name)
o Age
o Whether domestic or foreign built
‘o Shaft horsepower

Each Configuration

o

0
0

0

0

0
0
0
0

0

0

“o
0
0

Detail family number
Gsomatrical sketch
Location on ship
Number of details ubserved
Estimated number of failed details
Failure mnde
Corroded condition
Weld condition
Workmanship
Conformity of parts to shape intended
Nanual or machine preparation
Neterial type
Alignment
Prubable cause of failure

Access to the ships was by the shipowner’s permission only. The surveyors
were, therefore, careful not to disrupt any repair work that was in progress or.

to jeopardize the lay-up schedule of the ship in anyway. Tbua, only:tbe structure
that was visibly accessible in the open compartments was surveyed. It must be
noted that accessibility to cargo spaces greatly increased from the first survey.
This was made possible by leaving out potential survey candidates because their
holds were loaded or partially loaded with cargn. Table 2 liets the type Of :‘

compartments surveyed and the percentage of accessibility for each.

SYNTSESIS BY FANILY GROUPS

As the survey data were collected and analyzed, it became apparent that each
fsmily contained many types of configurations with unique genmatrical features” that

-5- .
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Cargo Spaces
Inner bottom
Box girders (fore and aft passageways )
Transverse box girders
Wing tanks
Ballast tanks
Fuel oil tanks
Potable water tanks
Voids

85
5

95
80
20
5
3

.0
5

could significantly affect the stress patterns within and around the structural
detail. However, soresof these configurations were only observed a few times on
one or several ship types. Therefore, emphasis was placed on the individual detail
configuration and how it and its family group performed in service, without regard
to which ship type the configuration came from. This method provides design end
repair offices a ready reference to the maximum available information of each
individual detail.

In project SR-1232,there were 490,210 details observed and placed into twelve
detail families. Each family was then separated into groups which contained
related configurations, but differed geometrically. Out of the fifty-six groups

that were formed, there were 553 distinct configurations.

The details observed in this survey that were similar to those seen in the
first survey have been assigned the sams detail femily/group/detail numbers shown
in SSC-272. For those configurations that were different, new detail numbers are
assigned. There were eighty-one new configurations identified in the second survey,
bringing the total for both surveys to 634 distinct variations as shown in Table 3.

Each of the twelve family details is discussed. There are sketches of
configurations, discussions on noteworthy observations, and summary tables.
Figures of details include both new end previous details Ob~erved. The summary
tables give observed data for the eecond survey, plus combined results from both
surveys. Since estimated data are purely subjective with no factual value, only ~.
the actual observed &ta are used in the summary tables.

FAMILY NUNBER 1 - BEAM BRACKSTS

There were twenty new besm bracket configurations identified, thus, increasing
#e total to 145 for both surveys. This makes this family the most diversified of
all. Also, beam brackets maintain their lead in the detail failure category by
contributing a total of 1,364 failures. This is an increase of 476 over the firat
survey. The leading causes for this high rate of failurea, particularly in the
midship/cargo section, continues to be heavy seas end collisions with tugs, large
floating ohjects, and piers.

.

-6-
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TABLE 3

DISTRIBUTION OF DETAIL CONFIGUPJATIONS

etai1
amily
umber

1
2
3
4
5
6
-1
8
9
10
11
1.2

Detai 1

l@l!.QX

Beam Brackets
Tripping Brackets
Non-tight Collars
Tight Collars
Gunwale Connections
Knife Edges
Miscellaneous Cutouts
Clearance Cutouts
Deck Cutouts
Stanchion Ends
Stiffener Ends
Panel Stiffeners

Number
of

QQ!Z@

14
3
3
4
2
0
8
5
3
3
5
6

Number
of

Configurations

145
82
49
33
21
0
72
39
23
94
35
41

12 TOTAL 56 634

Figure 2 shows the 145 variations in configurations included in the 68,586
beam brackets observed in both surveys. The configurations that occur most often
in the midship/cargo section of contiainerships and general cargo ships are the
corner bracket configurations l-c-l, l-C-25, l-C-2, and l-E-l. They also have a
hiah failure rate, rankina number one, two, four and eicfht. respectively, in the
top ten most prevalent failure details. Ii the first s~rvey, d~tail l-~~1 ranked
third and detail l-c-2 ranked eighth in the same category. many of the group “C” corner

bracket failures could be attributed to instability of the bracket plate panel. This
was especially true on containerships where long spans of shell framing were supported
at the ends with unflanged triangular plate with very high breadth/thickness ratios.
It was interesting to note that on general cargo ships where wood framing was
attached to the shell framing flanges to protect the cargo there were less failures

-ng the group “C“ brackets. This was because the tightly wedged wood framing
served as intermediate lateral supports for the shell framing and prevented the
flanges from tripping under minor local collisions. The wood framing also assisted
by forming a grid on the shell fraining. Stab ility was not the problem with the
group “E” flanged-plate brackets, because the shell framing or deck framing member
usually cracked or buckled near the bracket connection first. Again, the major
cause of these severe loads is collisions. It is realized that accidents do happen,
but a lot of preventative measures, such as reinforced areas in the ship’s hull
designated as tug stations, and the use of heavy duty rubber fenders at piers and
loading docks, could be applied.

Several failures occurred to the end bracket details 1-H-13 and 1-H-15. These
two details served as end brackets for transverse main deck stiffening running from
the side shell to the hold openings in main deck. The brackets buckled under
excessive loads on main deck where containers were being stowed. The main deck
stiffeners had been reinforced with doublers and rider plates for the increase
in loads but no attention had been given to the existing brackets.

.- -7- .-
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FIGURE 2 - BEAM BRACKETS DETAILS, Family No. 1 (Cent’d)
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FIGURE 2 - BEAM BRACKETS DETAILS, Family No. 1 (Cent’d)
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The transition brackets of family group “M” were quite common near the turn of
the bilge and, thus, were quite susceptible to corrosion. Proper design, such as
drain holes to prevent standing water snd elimination of inaccessible areas,
coupled with a regularly enforced maintenance program, would have prevented
failures in this area.

Table 4 is a summary table of beam brackets observed in the second survey,
plus the total observed for both surveys. Although the number of observed details
increased by only 35%, the number of failures increased 154%. This was expected
since the first survey had shown that the majority of the failures were located in
the midship portion of the ship, predominately in structure adjscent to the side
shell, and this is where the majority of the beam brackets are located for
containerships, general cargo ships and bulk carriers. For instance, the corner
brackets of group “C” increased in failures from 2% to 18.3%. The 7.65% failure
rate for the midship/cargo section survey of Part II brought the average failure
rate up from 1.75% for 50 ships to 3.28% for all 86 ships making beam brackets
second to tripping brackets for the highest failure rate.

Figures 3 and 4 are photographs of beam brackets with failures on two different
containerships. Figure 3 shows three flanged corner brackets that have remained
stable, but the frainingthat they support has buckled and cracked. Similar failure
patterns are shown in Figure 4 where even the bracket itself has started to buckle.

FAMILY NUM8ER 2 - TRIPPING BRACKETS

The three groups of tripping brackets, containing 82 different configurations,
are shown in Figure 5. Sixteen new variations were found in the second survey
with eleven belonging to group “C”. Group “C” also continued to have the highest
failure percentage rate of the three groups, thus, placing four details on the top
ten most prevalent failure list and one detail cm the top ten highest percentage

failure list. Details 2-c-19, 2-C-11, 2-c-7, and 2-C-20 ranked third, fifth, sixth
and tenth, respectively, under most prevalent failures. Details 2-A-20 and 2-C-27
were eeventh and tenth under highest percentage failures.

-13- .. —



TABLE 4

SUNNARY OF BEAN BRACKETS

OBSERVED SECOND SURVEY TOTALS OBSERVED BOTH SURVEYS

NUMBER NO. OF % NUNBER NO. OF
FAMILY

%
OF SOUND SOUND

GROUP
OF SOUND SOUND

DETAILS DETAILS DETAILS DETAILS DETAILS DETAILS

A 4950 4928 99.6

B 216 213 9S.6 4396 4286 97.5

c 6115 4996 81.7 28695 27129 94.5

D 50 50 100.0 3970 3967 99.9

E 3782 3657 96.7 5642 5514 97.-1

F 178 176 98.9 1228 1198 97.6

G 74 74 100.0 5114 5114 100.0

H 4166 4120 98.9 5556 5486 98.7

J 214 213 99.5 474 424 89.5

K 1254 1252 99.8 1954 1918 98.2

L 306 305 99.7 1366 1297 94.9

M 1163 1119 96.2 3633 3568 98.2

N 63o 593 94.1

P 318 297 93.4 978 912 93.3

TOTAL 17836 16472 92.4 68586 66334 96.7



FIGURE 3

FAILED Co~ER BRACKETS ON A CONTAINEWH Ip

View of hold showing shell framing bracket connections with
framing below fore/aft box girder. The shell framing has
been subjected to heavy sea loadings and the loads
transferred through the corner brackets have caused the
box girder framing to buckle. Note the crack in the web
of the framing member in the foreground where the c~le
clip was welded.
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FIGURE 4

FAILED CORNER BF.ACKET ON A CONTAINERSHIP

Another view of a shell framing bracket connection with
a deck stiffener. The peeling paint clearly shows the
high stress areas where buckling is about to occur. The
weld clearance cutout for the butt weld in the deck
above would have been a primary source for a crack if
the cutout had not been a smooth cut.
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FIGURE 5_

TRIPPING BRACKET DETAILS
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Details 2-c-19 and 2-c-20 sustained a high number of failures for several
reasons. Poor welding, neglect, cargo collisions, and misuse/abuse were a few
causes , but a consistently high percentage of failures occurred where these details
were used to secure the booms of general cargo ships when at sea. These details
are typical of the tripping brackets used to support the bulwark that runs
fore/aft just above the gunwale on both sides of the ship. Tie-down cleats welded
to the top of this bulwark make very convenient securing points for the huge
booms. Nhen under heavy weather at sea, large shear and tensile forces are applied
to the tripping brackets due to the athwartship “G” forces of the heavy booms.
Failures even occurred when an extra flange was added to the bracket as in
detail 2-C-23. The surveyors did find, however, that on ships where extra tripping
brackets and larger scantlings were used under boom tie-downs, no failures occurred.

The high number of failures for detail 2-c-11 resulted primarily from poor
fabrication/workmanship. On several general cargo ships, this tripping bracket
was used to support the hatch coaming girder on main deck and was partially removed
by the ship’s crew in order to replace existing pipe that runs alongside the
hatch coaming. In replacing the lower half of the tripping bracket, the crew’s
workmanship was poor. Poor lap welding, sharp notches and very rough cutouts for
the pipe quickly developed corrosion and cracks.

Details 2-c-7 and 2-c-8 on both containerships and bulk carriers continue to
contain failures when located on the transverse ends of the hatch coamings.
Observed failures of details 2-A-20, 2-c-4, and 2-c-26 increase significantly the
total list of failures observed for hatch coaming brackets. Heavy seas, welding, neglect
and cargo collisions, combined with poor design, have made the task of supporting
the hatch side girders a costly one. Additionally, it is necessary to design
brackets to carry lar e lateral loads from rolling when the containers are stacked
in four tier heights,.? Proper design, as shown in detail 2-c-9, should also
allow for a smooth transition for the load to travel fram the tripping bracket to
the back-up structure below. The surveyors noted on several occasions that
detail 2-A-20 had been repaired by adding a radiused extension at the toe of the
bracket to reduce subsequent failures. This smooth tram ition provided by the
radiused extension is most important when the bracket lines up with the fore/aft
hatch side girder. When the fore/aft header, forming the back-up structure for
the bracket, reaches the coaming girder there is a significant increase in inertia.
Such an abrupt change in stress flow increases crack susceptibility, as was the
case 80% of the time.

Table 5 is a total summary of the tripping brackets observed in both surveys.
The tripping bracket family had the highest percent of failures with 9.52%, and
the second highest number of failures with 1,273 for the second survey. This
brought the average failure rate up from 1.52% for the first fifty ships to 4.67%
for the total eighty-six ships, making tripping brackets the leader in failure
percentage. Much of this can be attributed to the many failures on the bulwark
brackets of general cargo ships, and hatch coaming brackets on containerships and
bulk carriers, especially in the midship/cargo area.

Figures 6, 7, and 8 are photographs of tripping bracket failures. Figure
6 shows the poor workmanship by the crew on a general cargo ship in the
replacement of a pipe adjacent to a main deck hatch coaming. Figures 7 and 8 show
failures of tripping brackets on the transverse ends of the hatch coamings on a
containership.

1. Jordan, C. R.; Ward, W. C., “Structural Details of Ships In Service, ”
presented at Hampton Roads Chapter, Society of Naval Architects and Marine
Engineers, March 15, 1978.
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FAMILY
GROUP

A

B

c

TOTAL

TABLE 5

SUMMARY OF TRIPPING BRACKETS

OBSERVED SECOND SURVEY

NUMBER
OF

DETAILS

2083

126

11163

13372

NO. OF
SOUND
DETAILS

1953

126

10020

12099

%
SOUND

DETAILS

93.8

100.0

89.8

90.5

TOTALS OBSERVED BOTH SURVEYS 1

NUMBER
OF

DETAILS

12323

7046

14643

34012

NO. OF
SOUND
DETAILS

12132

6991

13302

32425

%
SOUND

DETAILS

98.5

9%.2

90.8

95.3

I



FIGURE 6

FAILED TRIPPING BRACKET ON HATCH COAMING OF A GENERAL CARGO SHIP

This is a v;.ew of a hatch coaming bracket on main
deck.. The lower ?nd of each OC tb.ebrackets were
removed @ the ship’s crew in order to replace the
large pipe at the right. Poor workmanship was
evident in the replaced bracket as shown by the
jagged cutout for the ;>ipeand the sharp notch at
the lap weld where a crack started and progressed
the entire width of the web. Numerous failures
were found among these brackets.
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FIGUPf “;

FAILED TRIPPING BRACKET ON HATCH COAMING OF A CONTAINERSHIP.— —

View of a transverse hatci]coar,i11<1b~ack.ctat
about midship. The weld cf the hrackc!k to the
deck had been rewelded once ar!dhas c:-acked

again. A weld repair of a crack.?8Ls<Iextends
from the corner of a drain cutou: ?.,?the center
of the bracket.
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FAILED TRIPPING BRACKET

FIGURE 8

ON HATCH COAMING OF A CONTAINEBSHIP—

This transverse hatch coaming bracket is about
two hatches forward of midship. A crack forms a “V”

just above the sign and extends around the bracket
flange at the weld to the hatch coaming, separating
the bracket into two pieces.
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FAMILY NUMBER 3 - NON-TIGHT COLLAR8

Of the 4,724 non-tight collar details
there were only five failures. Incomplete

..—

observed in this thirty-six ship survey
welding on detail 3-A-16 resulted in

two detail failures on a bulk carrier while poor workmanship and bad welding
accounted for three failures of detail 3-A-25 on a containership. Thirteen new

variations in configurations were observed in this survey, thus resulting in an
overall total of forty-nine configurations for the three group fami1y. Figure 9
shows the forty-nine configurations, and Table 6 summarizes the results.

FOK bOth surveys, group “A” had 48% of the failures, group “c” had 52% of
the failures, and group “B” continued to be failure free. By maintaining a 99.8%
rate for sound details in both surveys, the non-tight collar family has the lowest
failure rate of all the twelve detail families. One other interesting observation
on non-tight collars was noted; although 74% of the details were observed in the
midship/cargo section, 79% of the failures occurred in the foreward and aft
portions of the ship.

In summary, with proper fabrication, such as smooth, well radiused cutouts and
sufficient scantlings on the collar to carry the shear load, united with correct
welding techniques, the non-tight collar shall continue to be an economical and
dependable structural detail used in building ships.

FAMILY NUMBER 4 - TIGHT COLLARS

Figure 10 contains the thirty-three
for the family of tight collars. Detail
identified in this survev. Table 7 is a

variations in configurations observed
4-C-7 is the only new configuration
surwnarvof the number of sound details

observed as well as the total observed for both surveys.

Although there were no failures reported in the first survey, there were
forty-six or 1.73% failures observed in the midship/cargo area in this survey.
Forty-five of the failures belonged to the group “A” configurations and the remaining
failure was from group “C”. Neglect and collisions were responsible for the
forty-five failures of details 4-A-3 and 4-A-6 on three separate general cargo
ships. In each case, the tight collar was located where the shell framing member
interfaces with the deck. A lack of maintenance resulted in the collars becoming
highly corroded in this area. When the shell framing came under heavy loading
from collisions, the collars simply buckled due to their reduced thickness.

The only other tight collar failure observed occurred to detail 4-c-I. The
detail was located cm a containership at the intersection of a shell stringer and
a transverse web frame in the fore/aft box girder. The collar and the local web
frame were buckled but there was no apparent impact loading on the shell plating.
Possibly a large gunwale load caused the subsequent buckle in the web frame.

With the 1.73% failuve rate recorded in the second survey, the percent of
sound details was lowered from 100% to 99.8%, but the tight collar, as well as
the non-tight collar, still remains as one of the most trouble free structural
details.

FAMILY NUMBER 5 - GUNWALE CONNECTION

In the second survey, one new variation of riveted gunwale connections k,as
observed. This increased the total number of riveted connect ior,s to thirteen,

-25-
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FIGURE 9
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FIGURE 9

NON-TIGHT COLLAR DETAILS
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TABLE 6

SUNMARY OF NON-TIGHT COLLARS

OBSERVED SECOND SURVEY TOTALS OBSERVED BOTH SURVEYS

NUNBER NO. OF % NUNBER NO. OF %

FANILY OF SOUND SOUND OF

GROUP
SOUNC SOUND

DETAILS DETAILS DETAILS DETAILS DETAILS DETAILS

A 3406 3401 99.9 9956 9940 99.8

B 903 903 100.0 6603 66o3 100.0

c 415 415 100.0 4415 4398 99.6

TOTAL 4724 4719 99.9 20974 20941 99.8
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FIGURE 10

TIGHT COLLAR DETAILS
FAMILY No. 4 (cent’d)
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TA8LE 7

SUNMARY OF TIGHT COLLARS

OBSERVED SECOND SURVRY TOTALS OBSERVED BOTH SURVRYS ~

NUMBER NO. OF
FAMILY OF SOUND
GROUP DETAILS DETAILS

A 1851 1806

B 418 418

c 193 192

D 192 192

TOTAL 2654 2608

% NUMBER NO. OF
SOUND OF SOUND

DETAILS DETAILs DETAILS

97.6 9071 9026

100.0 4188 4188

99.5 933 932

100.0 6462 6462

98.3 20654 20608

~

%
SOUND

DETAILS

99.5

100.0

A

99.9

100.0

99.8
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combined with the welded connections, the total number of configurations becomes
twenty-one. The two groups are shown in Figure 11, and all summarized data are

given in Table 8.

only one failure was observed in the second survey as opposed to four found in
the first survey. Detail 5-A-1 was the source of a local out-of-plane displacement
in the vertically canti.1.everedportion of the shear strake just above main deck on
a contaj.nership. This failure was similar to the four in the first survey
except the plate displacement was outboard instead of inboard. Collision could
not be ruled out, but since the displacement was outboard and located just forward
of the aft deckhouse, excessive compressive stresses in the gunwale was a possible
cause of failure. Further investigation did not reveal any other problems locally
or in the gunwale connection on the other side of the ship. Figure 12 is a
photograph of the failure.

As in the first survey, workmanship and welding was excellent on most of the
gunwale connections although deterioration by corrosion was evident in some places.
A few containerships contained drain holes on main deck very close to the gunwale
connection. All the cutouts were reinforced with drain pipes and with proper
fabrication/workmanship techniques employed, no cracks were observed. However,
one historical crack existed on main deck on a containership that started near the
gunwale connection and worked its way inboard. The crack kept reappearing in a
butt weld on a doubler plate. The doubler plate was located on top of the fore/aft
box girder at the connection of the new mid-body to the original ship. The area
had been rewelded about five times leaving a butt weld bead about two inches wide.

In summary, there were only five failures occurring on three different ships
for the total eighty-six ship survey. Four of the five failures were suspected
to be due to exterior abuse rather than to the internal stresses from ship operations
as surmised in the last failure. The total failure rate for gunwale connections
is 2.91%.

FAMILY NUMBER 6 - KNIFE EDGES

T’herewere no knife edges found on any of the thirty-six ships. This was

expected because as stated in the first survey, “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 modifications. 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. “1

FAMILY NUMBER 7 - MISCELLANEOUS CUTOUTS

Miscellaneous cutouts are utilized extensively throughout the length of the
ship. They vary in size from an air hole to an access opening but each one has

a particular structural function. Figure 13 shows the seventy-two observed shape
variations including the seven new ones observed in the second smwey. The
variations are grouped according to one of the following functional requirements:

o Group 7-A access openings
0 Group 7-B air escapes

1. Jordan, C. R.; Cochran, C. S., “In-Service Performance of Structural Details, “
Ship Structure Committee Report SR-1232 , March, 1977
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FAMILY
GROUP

TA8LE 8

SUNNARY OF GUNNALZ CONNECTIONS

OBSERVSD SECOND SURVEY

*

72 71 98.6

TOTAG

NUMBER
OF

DETAILS

102

70

172

99 97.1

68 97.1

167 97.1
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FIG1.lKi 12

FAILED GUNWALE CONNECTION ON A CONrAINIZRSHIP

This view shows a gunwale connection with the upper

portion of the shear strake di.splaczd outboard.
Location was near midship just forward of the deckhouse.
Collision was not ruled out, hut excessive compressive
stresses in the gunwale has highly suspected as
the cause of failure.
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FIGURE 13

MISCELLANEOUS CUTOUT DETAILS
l?AMILY NO. 7
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FIGURE 13 - MISCELLANEOUS CUTOUT DETAILS, Family No. 7 (Cent ‘d)
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0 Group 7-C drain holes
o Group 7-D lapped web openings
0 Group 7-E lightening holes
o Group 7-F pipeways
0 Group 7-G wixeways
o Group 7-H weld clearances

Since each individual detail may have more than one
of the configurations may appear in more than one group.
of the 296,689 details observed in both surveys.

primary function,
Table 9 contains

some

a summary

There was one failure observed for the family of access oDeninas in the second. .
survey. Detail 7-A-1O had a three inch crack in the lower right corner of the
cutout . The cutout, used as an access opening in the longitudinal bulkhead of a
general cargo ship, should have possibly had a coaming to help protect it against
secondary bending in this primary strength member. Many historical cracks were
seen around the main deck doorways leading into the deckhouse as ment$oned in
the first survey, but no failures were recorded since all surveying was restricted
to the immediate midship/cargo area.

No failures were reported for air holes, however, their location made them
highly susceptible to neglect and subsequent corrosion. One new configuration was
recorded as detail 7-B-5.

Three different details contributed to the fifty-one drain hole failures.
Details 7-C-1, 7-C-15 and 7-c-16 failures were caused predominantly by rough
cutouts and neglect. Figure 14 is a photograph of a typical drain hole that was
cracked as a direct result of a rough cutout. This particular drain hole should
have been given special attention due to its location in a high stress region. M
excellent list of rules for fabrication is provided in “Structural Details of Ships
In Service. ”l

Only 360 lapped web openings were viewed in the second survey with no failures
reported. The majority of these were found in the fore/aft box girders on a
Garman built containership. The cutouts had smooth, wel 1 rounded radii and ample
clearance for welding.

Lightening hole details 7-E-1 and 7-E-2 were found in the midship/cargo area
of each of the three ship types surveyed, but no failures were observed. In the
first survey, of these three ship types the containerships had four failures, while
155 or 97% of the total failures occurred in tankers and combination carriers.
Bulk carrie~s and general cargo ships showed no failures for lightening holes in
either survey.

Ninety-one percent of the pipeway failures in group “F” were attributed to
cutout configurations, such as 7-F-1, which do not have- reinforcing rinqs around the hol
Other reasons for failures were rough cutouts, defecti”e welds, heavy seas, a“d
improper location of hole cuts in high stress regions. Some good examples of

typical pipeway failures are shown in Figures 15 and 16.

Wireways had only seven failures, five were detail 7-G-3. The cracks were
due to poor fabrication/workmanship and lack of fusion in welding. TWO cracks

1. Jordan, C. R.; Ward, W. C., “Structural Details of Ships In Service, “ presented
at Hampton Roads Chapter, Society of Naval Architects and Marine Engineers,
March 15, 1978.
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TASLE 9

SUMMARY OF MISCELLANEOUS CUTOUTS

OBSERVED SECOND SURVEY TOTALS OBSEFWF,D BOT8 SURVEYS

NUMBER NO. OF % NUM8ER NO. OF %
FANILY OF SOUND SOUND OF SOUND SOUND
GROUP DETAILS DETAILS DETAILS DETAILS DETAILS DETAILS

A 959 958 99.9 4809 478o 99.4

B 2130 2130 100.0 18940 18912 99.9

c 9111 9060 99.4 59091 58954 99.8

D 360 360 100.0 2550 2531 99.3

E 2041 2041 100.0 19551 19392 99.2

F 2565 2542 99.1 6575 6542 99.5

G 620 613 9s.9 10520 10508 99.9

H 26o33 25908 99.5 174653 174217 99.8

‘IOTAL 43819 43612 99.5 296689 295836 99.7
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FAILED DRAIN HOLE IN A TRII>PIII:;BW.CKET ON A CONTAINERSHIP

This is a view of a cracked drain hole cutout located in
a tripping bracket that supports the hatch coaming on a
container ship. If the cutout had formed a smooth semi-
circle instead of the irregular cut that is shown, the
crack would probably have not occurred.
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FIGuRE 15

FAILED PIPEWAY CUTOUT IN A HATCH COAMING BI+ICKXTON A CONTAINERSHIP

. . -—

View of a pipeway cutout in a tripping bracket at the
corner of a hatch coaming on main deck. Notice where
previous cracks have been welded around the cutout
in both the one and six o’clock positions. In the
six o’clock position, the crack had extended to a
drainage cutout in the corner. A reinforcing ring
has been added to help strengthen the hole in this
region of h].gh tensile streSs. Also, just above the
hand in the pi.ct”re, can be seen a radiused plate
that has been added to the bracket in order to
smooth the transition of the bracket with the deck.
This is an area where cracks at the toe of the
bracket are common.
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FIGURl? 16

BUCKLED WEB PLATE AROUND PIPEWAY ON A CONTAINERSHIP

View in hold showing shell framing on the left and a
transverse bulkhead on the right. The shell has been
loaded by heavy seas resulting in some permanent deformation.
The peeling paint shows the stress patterns around the hole
cut for the pipe and at the intermittent welds on the shell
fraining. The hole should have been reinforced with a
face plate, howe”er, proper design would have required the
pipe to go through the bulkhead via the existing wireway
cutout below.
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were found in a trar.sverse box g~.rder on a contai.nership; and, five were found in
the fore/aft box girder of a bulk carrier which had been converted from a Navy
missile ship.

As in the f.irstsurvey, weld clearances experience d more failures than any
other group in this family. Conficuratior,s 7-11-<1,“7-H-1,7-H-1O, 7-H-13, 7-H-11,
7-H-2 and 7-H-3 contained tie defects in nume r.ically5escending order. Elongated
cracks originating at the cutouts were the cml.:yfailure modes and no one factor
predominat.ed the long list of fa;.lurecauses. However, one new variation in
configuration, detail 7-H-13, consistently showed a high percentage of failures
on bulk carrier sister ships. The cutouts were in the transverse web frames in
the wing tanks where the “ertical and sloping hold bulkheads intersected. Although
workmanship and welding were excel..lent,cracks existed at both the top and bottom
of this cutout in an area of high stress.

Figures 17 and 18 are pictures of two weld clearance cuts with failures. Both
failures were a direct result of poor fabrication and welding. In Figure 17, the
existing weld clearance cutout was extended to meet a replaced shell framing
metier. The cutout was made smooth.. However, because of the location and a bad
weld, a failure was inevitable. .I?igure 18 shows a large crack extending from a
cutout similar to 7-H-1 in a main loading carrying girder on a general cargo
ship.

As was found in the first sur”ey, no one group of miscellaneous cutouts could
be singled out as having more failures than the others. Three groups had 100% sound
details and each of the remaining five groups had less than a 1% failure rate.
The second survey had 207 failures for a O.47% failure rate which brought the
totals up to 853 failures and a O.29% failure rate for both surveys. This is a

very low failure rate, but,by having 853 failures, the family is ranked third on
the most prevalent failure list.

FAMILY NUMBER 8 - CLEARANCE CUTOUTS

The purpose of clearance cutouts is to maintain continuity of one member
through another. There are thirty-nine variations in configuration for this family
as shown in Figure 19. Details 8-A-3, 8-B-7, 8-E-13 , and 8-E-14 are new configurations
identified in this survey. The details are grouped according to geometrical shape
or attachment to the impeding structural member. Results for this grouping are
summarized in Table 10.

In the second survey, there were no failures observed i.ngroups “A” and “D”.
GrouP “D” listed 593 failures in the first survey, but only eight of those were
found aboard one of the three ship types investigated in the second survey.
Oetail 8-B-2 was the lone failure for group “B” and it could have been avoided
with proper workmanship. Group “C” had three failures contributed to fabrication
and welding and two failures contributed to high tensile and shear stresses
around a stiffener cutout on a self-unloader gate on a bulk carrier. Twelve of
the sixteen failures in group “E” were found in the wing tanks of a 90,000 ton
bulk carrier. Only a few of the wing tanks were made accessible to the surveyors,

however, the shipowne r stated the cutouts had a history of problems throughout
the ship. The owner felt that a lack of protective coating on the edges of the
cutout during fabrication had resulted in stress corrosion, causing cracks in the
radiused corners.
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FIGURE 17

FAILED WELD CLEARANCE CUTOUT ON A CONTAINERSHIP

This picture in the cargo hold of a containership
shows the end connections of two shell framing
members that have been replaced. The existing

weld clearance cut was extended to meet the new
framing member. The welding for this particular

framing metier was so bad that a crack had
started in the center of the web.
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FIGURE 18

FAILED WELD CLEARANCE CUTOUT ON A GENEF@.LCARGO SHIP

View in cargo hold looking up at a longitudinal girder
under main deck. A crack extends from the butt weld
clearance cutout to the transverse header on the right,
and from the same cutout for a distance of about two
feet on the left. The crack is mostly in the heat
affected zone of the weld except for a small length
at the left. Note pillar supporting girder at the
far left. The cutout had been extended to reach the
butt weld in main deck.
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FAMILY
GROUP

~

‘r
A

B

c

D

E

“’ETOTAL

TABLE 10

SUNNARY OF CLEARANCE CUTOUTS

OBSERVED SECOND SURVEY I TOTALS OBSERVED BOTH SURVEYS I

NUNBER NO. OF
OF SOUND

DETAILS DETAILS

252 252

537 536

773 768

1026 1026

6209 6193

8797 8775

%
SOUND

DETAILS

100.0

99.8

99.4

100.0

99.7

NUNBER
OF

DETAILS

672

6757

9813

15106

24959

I
99.7 I 57307

NO. OF
SOUND
DETAILS

636

6726

9733

14513

24856

56464
3
%

SOUND
DETAILS

94.6

99.5

99.2

96.1

99.6
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Figure 20 shows an attempt to repair a crack in the web plating at the heel
of a through angle stiffener on a longitudinal bulkhead. The previous crack

has been welded shut and a flat bar stiffener added to prevent future cracks; but,
as shown in the picture, a crack has appeared again, this time in the heat affected
zone of the weld.

In summary, there were only twenty-two failures observed for the family
of clearance cutouts in the second survey. This was only about three percent of the
821 failures found in the first survey, bowever, 752 of those first survey failures
were from tankers and combination carriers. The remaining sixty-nine failures on
containerships, general cargo ships, and bulk carriers, represents a failure rate
of O.36% which is in line with the O.25% failure rate for survey number two.

FAMILY NUMBER 9 - DECK CUTOUTS

Sketches of the three groups of deck cutouts are presented in Figure 21. There
were twenty-one variations in configurations with no new variations observed in the
second survey. Groups “A” and “B” are small deck openings normally used for access,
and group “C” configurations are deck cuts at corners of large hatch openings.
Table 11 is a summary of the collected data for the second survey and both surveys
combined.

One hundred percent of the deck cuts in group “A” were functionally sound. In
fact, there was only one failure among the group “A” configurations in the first
survey. However, group “B”, even with a coaming around the hole to help give some
extra support, was the source of twelve failures. Eight of those failures were
found in the main deck of a single bulk carrier. Thirty-two percent of the cargo
hold access openings (detail 9-B-2 ] contained three and four inch cracks in their
corners. The ship came into Newport News Shipbuilding..for emergency repairs with
a cargo of coal which was loaded on board in the Hampton Roads area. An interview
with the Captain revealed that the cracks had appeared in the strength deck after

“the worst storm I‘ve seen in fifteen years, ” while crossing the Atlantic on the
trip over. In addition to the rough seas, small radiused corners and corrosion
were centributing factors to the failures.

Three of the five failures in the group “C” cutouts were caused by severe
impact loadings, presumably while handling cargo. Corrosion was evident at the
sharp cracks and buckles in the corners of several hatch cuts similar to detail
9-c-4 . Detail 9-C-4 was also responsible for the remaining failures in group “C”.
One was on a general cargo ship and the other was on a relatively new containership.
In both cases, in the curve of detail 9-c-4 there was a butt weld where the thicker
deck plating near the gunwale joined a thinner panel of deck plating which extended
to the centerline and beyond. The butt weld was too rough with a notch, which
resulted in a crack in the weld. The crack on the containership had even extended
beyond the hatch coaming. This is probably one of the worst places for a crack
to appear due to the high primary stresses that “flow” around these cutouts.

In summary, deck cutouts are second to gunwale connections for least number
of failures for both surveys, but, also like gunwale connections, any crack, no
matter how smal1, could have catastrophic results.

FAMILY NUNBER 10 - STANCHION ENDS

Figure 22 shows ninety-four observed stanchion end variations which includes
the fifteen new ones observed in the second survey. The variations are grouped
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FIGURI 20

FAILED CLEARANCE CUTOUT ON A CONTAINERSHIP

The view is looking aft at a clearance cutout in a
transverse web frame for a longitudinal bulkhead stiffener.
The cutout, similar to detail 8-c-3, has had a previous
crack welded shut and a flat bar stiffener added in
an effort to prevent future cracks. However, a new
crack has started at the heel of the angle and traveled
in the heat affected zone of the weld all the way to
the face plate around the arch.
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TABLE 11

SUMMARY OF STRUCTURAL DECK CUTS

OBSERVED SECOND SURVEY TQTALS OBSERVED BOTH SURVEYS

NUNBER NO. OF % NUNBER NO. OF %

FAMILY OF SOUND SOUND OF SOUND SOUND

GROUP DETAILS DETAILS DETAILS DETAILS DETAILS DETAILS

1 A 321 321 100.0 2951 295o

;

100.0

B 472 460 97.5 2962 2945 99.4

c 711 706 99.3 1621 1610 99.3

TOTAL 1504 1487 98.9. 7534 7505 99.6
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FIGURE 22 - STANCHION END DETAILS,
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FIGURE 22 - STANCHION END DETAILS, Family No. 10 (Cent’d)
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FIGURE 22 - STANCHION END DETAILS, Family No. 10 (Cent’d)
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into one of the following categories:

o Group 1O-A connections at the top of the..circular stanchions
o Group 1O-B stanchion bottom connections
o Group 1O-C connections at the top of “H” stanchions

Table 12 contains a summary of 7,090 stanchion ends observed in both surveys.

The “V” notch design of detail 1O-B-9 that resulted in many failures at the
bottoms of container stands in the first survey were not observed in the second
survey. Most of the container stands were joined to the deck similar to detai 1
1O-B-2 and were 100% sound. However, stanchions supporting the deckhouse on
containerships and general cargo ships continued to be a problem. Fifty percent

of tbe total stanchion failures in the second survey were in either the top or
bottom connections of these supports. ,Proper design would have provided tension
brackets and tapered chocks to relieve the tensile and compressive stresses
produced by the relative motions or “flexing” between the main deckhouses and the
side shell. Figure 23 is a photograph of a deckhouse support stanchion similar to
detail 1O-B-26. Detail 1O-B-26 was responsible for six of the twelve failures

and details 1O-B-28 and 1O-C-33 accounted for the remainder.

Details 1o-A-25 and 1O-A-29 show the top end connections of four stanchions
that hold up a cargo handling control platform above main deck on a general cargo
ship. Since there were no braces on this frame to help carry the lateral loads on
the platfom when the ship is rolling, the moment formed in the corners at the
top of the stanchions causing the chocks or brackets to puncture the thin walls of
the stanchions. Other failures were caused by impact loads from cargo handling
in details 1O-B-15 and 1O-C-35. The chocks in detail 1O-C-7 had buckled due to a
high breadth/thickness Patio.



FAMILY
GROUP

A

B

c

TOTAL

TABLE 12

SUNNARY OF STANCHION ENDS

OBSERVED SECOND SURVEY TOTALS OBSERVED BOTH SURVEYS

NUMBER
OF

DETAILS

199

291

330

820

NO. OF % NUNBER NO. OF %
SOUND SOUND OF SOUND SOUND
DETAILS DETAILS DETAILS DETAILS DETAILS

192 96.5 2239 2187 97.7

281 96.6 3431 3378 98.5

323 97.9 1420 1403 98.8

796 I 97.1

I

7090

I

6968

I

98.3

I
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FIGURE 23

A CORNER sUPPORT STANCHION FOR THE MAIN DECRHOUSE ON A CONTAINERSHIP

This view shows the corner deckhouse stanchion
attachment to the main deck bulwark. This connection
continues to be a problem area with cracks in the
welds at the bottom of the stanchion , at the top of
the bracket, under the bulwark face plate , and at the
bracket connection to main deck. Poor design, such
as the sniped flanged on the bulwark bracket, has
been the leading cause of failures.
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Seventy- five percent of the stanchion failures in the second survey belong
to the newly identified variations in end connections. It appears design was the
leading cause of failures, followed by collisions from handling cargo and misuse/abuse.
In general, fabrication was excellent.

FAMILY NUMBER 11 - STIFFENER ENDS

The stiffener ends included in this family are the ends of load-carrying
structural angles or tees that are attached to panels of plating. Thirty-five
variations, including three new ones observed in the second survey, were placed
in one of the five groups shown in Figure 24. Numerical data for the five groups
are summarized in Table 13.

There were sixty-nine failures in the 9,969 stiffener ends observed in the
second survey with a failure rate of O.69%. This was only 0.05% less than the
failure rate for the first survey. Fifty-seven of the failures were in group “A”
and the remaining twelve were in group “B”. Groups “C”,
details.

“D” and “E” had 100% sound

Forty-five of the failures belong to detail 11-A-9. Neglect was the leading
cause of failures, followed by shear and design. In some compartments of a general
cargo ship, corrosion had eaten through the bulkheads where water had been standing
on the deck. Quite often water was trapped by detail 11-B-6 causing severe corrosion.
However, a failure was found on a containership where the use of detail 11-B-6
could have prevented it. A stiffener end similar to detail 11-A-3 was jammed
into the shell plating which created a crack about an eighth of an inch deep and
an inch long. If a clip had been added, the failure should not have occurred.

Figures 25, 26 and 27 are photographs of end failures on back-up headers for
container support foundations on the main deck of a containership. Foundation
headers were not included as candidates for the family of stiffener ends, but these
pictures were taken to show that many of the same failures and failure causes exist
for these structural menbers as well as for stiffener ends and panel stiffeners.
Figures 25 and 26 show a few cracks and poor welding. Figure 27 shows a header
under main deck that was cracked along one-third of its depth at its connection
with a longitudinal bulkhead. The headers in Figures 26 and 27 were undersized
for the in-service loads they received.

FAMILY NUMBER 12 - PANEL STIFFENERS

In this family, panel stiffeners are defined as structural angles,
flat bars welded to large panels of plate for the purpose of preventing

tees, or
local

instability of the plate. They are not designed as direct load-carrying merbers.
There was only one new configuration found in survey number two, which brings the
total to forty-one as shown in Figure 28. Table 14 is a numerical summary, by
family group, of the configurations shown in Figure 28.

The panel stiffeners had 527 failures which is a failure rate of 3.82% in the
second survey. This failure rate is very high compared to the O.65% failure
rate recorded in the first survey. One possible explanation could be attributed
to the more than two hundred panel stiffener failures by corrosion found on one
general cargo ship. The captain explained that for five years during the Vietnam
War, the ship carried nothing but ammunition and explosives. During that time,
no maintenance, including painting, was performed by the crew due to the volatile
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FIGURE 24

STIFFENER END DETAILS
FAMILY No. II
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FIGURE 24 - STIFFENER END DETAILS, Family No. 11 (Cent ‘d)
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TABLE 13

SUMMARY OF STIFFENER ENDS

OBSERVZD SECOND SURVEY TOTALS OBSERVED BOTH SURVXYS

NUMBER NO. OF % NUMBER NO. OF %
FAMILY OF SOUND SOUND
GROUP

OF SOUND SOUND
DETAILS DETAILS DETAILS DETAILS DETAILS DETAILS

A 6479 6422 99.1 28559 28360 99.3

B 2962 2950 99.6 6332 6284 99.2

c 215 215 100.0 825 818 99.2

D 205 205 100,0 4675 4631 99.1

E 108 10B 100.0 338 338 100.0

—.

TOTAL 9969 9900 99.3 40729 40431 99.3



FIGU173?25

CRACKED WELD ON FOUNDATION HEADER ON A CONTAINER.SHIP

View in starboard box girder looking up at a fore/aft
foundation header ending on a transverse bulkhead. A crack
has developed in the flange weld as shown. Excessive weld
material has been used intermittently instead of a continuous
bead.
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FIGURE 26

FAILED FOUNDATION HEADER ON A CONTAINERSHIP

-—.—

View is in port box girder looking up at a fore/aft header
connection to a transverse bulkhead. The header backs up
a support foundation for containers on main deck. A chock
has been added at the support point as shown in upper
right corner of photograph. The weld is cracked along the

entire depth of the header’ s web. A weld at the flange
on the main deck stiffener in the upper left, and the
weld strike on the transverse bulkhead just below the
header at the bottom center of the photograph indicates
poor welding techniques.

-63-



FIGURE 27

FAILED FOUNDATION HEADER ON A CONTAINEFLSHIP

View looking aft showing connection of transverse header under
main deck with longitudinal bulkhead at the right. This header
carried loads from a container tie-down foundation nearby.
Light can be passed through the crack for one-third the depth
of the header.
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FIGURE 28

PANEL STIFFENER DETAILS
FAMILY NO. 12

A. 1
1

H
6

t==
6

4 5

-65-



~__ ..-

FIGURE 28 - PANEL STIFFENER DETAILS, Family No. 12 (Cent’d)
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TABLE 14

SUNMARY OF PANEL STIFFENERS

OBSERVED SECOND SURVSY TOTALS OBSERVED BOTH SURVEYS

NUNBER NO. OF % NUN8ER NO. OF %
FANILY OF SOUND SOUND OF SOUND SOUND
GROUP DETAILS DETAILS DETAILS DETAILS DETAILS DETAILS

A 6199 5999 96.8 19299 19014 98.5

B 4420 4150 93.9 14030 13742 97.9

c 1097 1094 99.7 16237 16194 99.7

D 1867 1813 97.1 3237 3083 95.2

E 81 81 100.0 511 501 98.o

F 143 143 100.0 523 515 98.5

TOTAL 13807 13280 96.2 53837 53049 98.5



nature of the cargo. In addition, since the war no

done because of a “full delivery schedule” and only
accomplished.

Eiuhtv-one Dercent of the failures recorded in

maintenance work has been
“necessary” repairs will be

the second survev were on qeneral..-
cargo ships. Groups “A” and “B” led the failure list with 200 and 27o failures,
respectively. Group “C” had three failures, while group “D” had fifty-four failures
that were found mainly on the main deck hatch coamings. Groups “E” and “F” were
failure free.

Many of the failures in this fantily were caused by corrosion, impact from
large objects, and misuse/abuse. On the general cargo ship mentioned above, corrosior.
was the prevalent cause of so many failures on details 12-A-3 and 12-B-2. Fifty-six

percent of the panel stiffener configurations that had failures in the second survey
had at least one failure due to impact loading, presumab 1y by cargo. Stiffeners
with sniped ends with no restraints to help keep the flange from tripping were
especially vulnerable. Details 12-A-6 and 12-A-1O had meny failures due to
misuse/abuse. These panel stiffeners often had holes drilled in them to attach
cables for holding down cargo. One such stiffener is shown in the photograph in
Figure 29.

Figure 30 shows cracked intermittent welds on a horizontal panel stiffener.
These cracks were caused by a buckled transverse web frame just above an archway
in the box girder of a containership.

In summary, the panel stiffener failures observed in the last thirty-six ships
surveyed, decreased the percentage of sound details from 99.3% for the first fifty
ships to 98.5% for the total eighty-six ships in both surveys. These failures
were caused by collisions from handling cargo, misuse/abuse, and in one extreme
case where a general cargo ship received only “necessary” repairs.

SNYTHESIS BY SHIP TYPE

The previous section discusses “Snythesis by Family Groups, ” for the individual
detail configurations of the family groups and how they performed in service. In
this section, emphasis will be placed on the detail families and family groups
and their performance in individual ship types. All of the data observed in the
total eighty-six ship survey will be synthesized according to individ~l ship
types. This method, used in ‘!Structural Details of Ships In Service, enables
design/repair offices to determine, at a glance, failure trends qf structural
detail families on specific ships.

The number of surveys for each ship type varied from two to twenty-four,
therefore, comparable data are provided by”normalizing the survey data. Seven

ships, as was used in reference 1 below, will be wsed to normalize the data in
order to continue that synthesis already accomplished on the first fifty ships.
The normalized data are presented in Table 15 and Figures 31 through 41, with
the ship types represented by capital letters in the following order:

1. Jordan, C. R.; Ward, W. E., ,,struct”ral Details of Ships In Service, ”

presented at Hampton Roads Chapter, Society of Naval Architects and Marine
Engineers, March 15, 1978.
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FIGURE 29

FAILED PANEL STIFFENER ON A GENERAL CARGO SHIP

Photographer is standing in the cargo hold looking up at a
panel stiffener on a longitudinal corrugated bulkhead. The

weld cracks were due to poor welding and possibly buckling
of the bulkhead while the ship was in a seaway. The hole

drilled in the stiffener is sometimes used to tie down carqo.
This often produces failures.
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FIGURE 30

PANEL STIFFENER FAILURE ON A CONTAINERSHIP

View in starboard box girder looking forward shows a container
tie-down foundation header under main deck and an archway in
the transverse web frame. Not shown in the photograph was a
crack in the weld of the header web to the transverse web.
The load, which was too much for the transverse web, caused
a buckle and “popped” the intermittent welds on the
horizontal panel stiffener just above the archway. The
flanges of the continuous foundation header have been sniped.
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54 0 0 0 !34 o 0 0 59+33 15 770 3980 1143

11108 210 115 9213 1120 3 205 2 5573 so 872 36s3 1018

44454 778 4616 31100 8738 49 722 7 27212 167 5413 14489 7310

371 4 105 196 70 0 4 0 4644 35 1208 1773 1663

854 10 126 802 126 0 10 0 4270 11 742 2422 1106

6’21 1 134 376 111 0 1 0 3104 63 263 2246 595

626 3 70 444 112 0 3 0 4037 209 294 2945 798

1505 0 3s5 490 630 0 0 ‘0 3815 0 5W 2275 9613

995 0 124 669 202 0 0 0 9553 31 207 735s 1618

928 1 70 700 156 0 0 1 7850 12 775 5670 1405

5898 19 1014 3473 1407 0 18 1 37303 361 4449 24689 8165

832 5 333 9 4W o 5 0

854 28 322 168 364 0 2s 0

474 ‘::12 216 112 146 1 7 4

Q83 <?: 23 210 3S1 392 0 23 0

1435 0 525 525 3s5 o 0 0

1610 0 319 88? 404 0 0 0

819 2 2s5 70 264 1 1 0

68o7 70 2210 2152 2445 2 84 4

FAILURES ;

,.4,D–
:Wcl S,, (PS AFT

0 0 18

7 0 0 ,

2 9 4 !

0 29 3 1

0 0 0 :

1 11 3 !

5 73 2 ~

15 122 m

16 14 5

0 11 0 :

0 59 4 ;

o 185 24 :

0 0 0 !

0 31 0 ~

2 10 0 i

18 310 33
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PERCENT FAILURE VSRSUS SHIP TYPE

SHIP TYPES : A–Bulk Carriers D - General Cargo Ships G–la”kers
B-Combination Carriers E-Miscellaneous Ships
C – Cor, tainer$ hips F–Naval Ships
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B–Combination Carriers E - Miscellaneous Ships

C– Containerships F - NavalShips
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A - Bulk CarKiers
f+- Combination Carriers
C - Containe rships

D - General Cargo Ships
E - Miscellaneous Ships
F - Naval Ships
G - Tankers

The following is a list of the total number of ships surveyed. An asterisk
denotes that twelve ships were surveyed in the midship/cargo section only:

*16-
5-

*24-
*17-

2-
9-

Data in the fomard and aft

Bulk Carriers
Combination Carriers
Containerships
General Cargo Ships
Miscellaneous Ships
Naval Ships
Tankers
TOTAL NUMBER OF SHIPS SURVEYED

sections of all ships, plus the data in the midship
section of the combination carriers, miscellaneous ships, naval ships, and tankers
acre taken from the first survey. Data for the midship section of bulk carriers,
containerships and general cargo ships were taken from both surveys.

Table 15 is a normalized data summary of the observed details and failures for
each detail family. The data is listed by ship type and general location in the
ship, i.e., foward of the cargo section (fwd); within the cargo section (midships);
and aft of the cargo section (aft).

.

Figures 31 through 41, were derived from Table 15 and are plots of the percent
=ailures versus ship type for each detail family. Separate plots are provided for
each of the three general ship locations - fwd, midships, and aft. The percentage

;iven on each plot represents the failure percentage of the details observed in
‘fiatgeneral area of the ship only. The solid line in the plots represent data
qathered from the first survey, and the broken line (shown only in the midship plots)
represents data gathered from ships in both surveys.

Table 16 is a failure percentage tabulation for each ship type for individual
=amily groups by general ship location. The data in this table shows percentages
>f actual observed data and has not been normalized. In order to attain the failure
~=rcentages, the authors divided the observed failures by the total details observed
Lr each of the three general ship locations.

Using Figures 31 through 41, an engineer/designer could quickly establish
~ailure trends for detail families on a particular ship type. Table 16 shows
failures in the individual family groups and their location. Appendix A provides
Tmre specific data on detail variations and should aid the designer in finding
failure modes and causes.

?amily Number 1 - Beam Brackets

Twenty-three percent (145) of the 634 configurations observed in both surveys
..ere in this family. The largest number of beam brackets appeared on containerships;
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E NQ10 PERCENT FAILURES OF DETAIL FAMILY GROUPS
SUMMARY By SHIP TYPE & SHIP LOCATIONTAB

AMILY
;ROUP

NO.

1–A

1–B

1–c

1-D

1–E

1–F

1–G

1–H

1–J

1–K

1–L

1–M

1–N

1–P

2–A

2–B

2–.C

3-A

3–B

3–c

4-A

4–B

4–c

4–D

A“

~wo ;:p. AF1

1.16

2.3!

0.3

4.29

4,14 0.69

8.96

0.3a

5,56

6.6D

22.50

7.76

2.50

3,71

0.19

2.5

—
FwD
—

—

2.5C

—

—

—

B

F
;HIPS
—

0,03

?4.00

0.57

—

0.25

1.43

—

—

—
4FT
—

—

—

—

—

—
FW[
—

2.5

1.2

3.3

11.0

—

10,0

—

—

l.sa 2.67

6,28

0.53 22.s4

6.67

17.69

0.80 6,67

0.27 1.33

4.57 0.18

-t-t

$

3.54 4.OC

IT
0.56

9.02

0.13

0.47

D
UID–
SHIPS

10.89

0,48

1.18

1.49

0.67

6.67

3.64

—

15,59

—

—

2,97

—

—
4FT
—
3.33

3.33

—

—

2.%

6.67

—

—

—
F)
—

17

3

—

E
F
HIP!
—

1,2:

—

—

—

I

t

F
MID–
SHIPS
—

20.00

0.43

—

—

—

—

—
!FT
—

—

0.3:

—

—

—

—
‘wD
—

2.40

3.75

5,71

—

0.24

0.59

—

8,33

—

—

G
,110–
;HIPS
—
6,s6

3.17

2,06

14.62

17.73
—

0.66

2.15

2.66
—

—

0.48

0.89

0.42

iu.oo

0.83

10.74

—.



WOUP A B

NO. FwD :;~p; AFT FwD $&Ts

5– A

5–B

7–A

7–B

7–c 0.53

7– D 12.31

7–E 3.s2

7– F 1.&7

7–G 1.16

7–H 3.s6 0.12 0.70 3.04 0,35

8-A

8–8 5.00~

a–c O.D5

8–D 8.33

8–E 10.OD 0.41 (J,67 10.00

9-A

9-B 5.26 1.00

9–C 3.75

1O-A

1O-B 80.00 25.00

1O–C 60.DD

—
FWC
—

—

—

0.83

—

—

—

—

TABLE NQ 16 (CONT.I
PERCENT FAILURES OF DETAIL FAMILY GROUPSSUMMARY BYSHIPTYPE& Sl+lpLOCATION

‘AMILY S} P TYPE & LOCATION

c D E

‘FT F‘o %P< ‘FT
MID– ~WD MID–
SHIPS AFT SHIPS ‘FT FwD

7.14

100.02

0.53 5.39

0.46

1.19 0.28 0,60 6,40 O.x

0.36

0.31

0.67 1.% 0.25

0.69

0.40 0.91 0.36 0,25 0.5s 0.04

13.33

0.56 0.91

0.43 0.18 0.14

1.13

0.06

1.03 1.32

0.15 0.69

0.59 4.6!312,06 16.6D

7.02 1.69

4.00 2.69

I
1

F
tilD–
N41PSAFT

1.20

1.10

0,19 0.2:

0.11

0.02 0.06

=.

FwD ;.jyp~

10.0

2.73

0.05

0.16

1.65

0.12 0.07

0.s0

10.29

6.2o

0.91 0.82

0.71 2,0D

—
AF1
—

—

1.3

0.1’

0,6

>.6

—

—

—



ILURES OF DETAIL FAMILY GRoLIp5
‘E & SHIP LOCATIONi NQ16 (CONT.) SUMMARY L;R::p:l

TYPE & LOC#
D

TAB
AMILY

;POUP

No.

11–A

11–s

11–c

11–,0

11–E

12–A

12–B

12-c

12–D

12–E

12–F

s )N

B
K
HIP:
—

—

0.63

—

—

c
m=
H!PS
—
1,44

1, 61

1.79

—

1. 33

1,62

i.25

$.32

1,70

—

—

—
WD
—

—

—

—

E
E
HIPS
—

—

—

—

—
,FT
—

—

—

—

F
F
HIP:

0,18

Z,m

I.?&

1,11

—

—

—
FT

1.4s

—

—

—

G
iii=
HIPS
-
3.18

D.30

1,93

—

).20

—

—

.

—
\FT

>.11

—

—

A
T
+IPS
—

—

1.27

).39

—

—

—
WD
—

—

!.73

—

—
4FT
—
1,67

1.51

—

—

—
FwD
—
D.77

—

—

—

—
AFT
—

—

—

—

—
‘WD
—
),37

—

—

—

—
\FT
—
1.14

1.0:

—

0.98

2.22

—

—

E
;HIP:

—
4FT
—
).25

—

1.61

5.0[

—

—

—
WD

1.59

—

l.m

—

—

—
WD
—

—

—

—

—
WD

G

—

—

—

—

—
1.2

0.9

4.3

9.4

4.2

—

I



tankers had the smallest number. The number of beam brackets that are used in the
midship section of bulk carriers decreased by 59% of that used in the first survey,
end the average failurea decreased by 55%. However, the percentage failure rate
remained about the same, as shown in Figure 31.

There were failures observed on all ship types. Containerships continued to
maintain their lead for observed failures, followed by general cargo ships and
tankers. Of the failures, 79% occurred in the midship area, 15% forward, and 6% aft.
The eight percent increase in the midship area, as explained in the first section
of this rep-art, could be expected since the second survey was confined to the exact
area on tbe three ship types where the majority of the failures occurred in the
first survey. As shown in Figure 31, each of the ship types had beam bracket
failures in the forward section of the ship, except for combination carriers and
tankers. In the midship section, the percentage of failures greatly increased for
containerships end general cargo ships, which placed them ahead of tankers in failure
parentage. Containerships had the most failure prob lens in the aft section of the
ship .

I’amily Number 2 - Tripping Brackets

Distribution of tripping brackets varied from 2.37% on miscellaneous ships to
20.88% on combination carriers, with the largest number of failures occurring in
the midship area of general cargo ships. In the forward section of the ship,
failures were confined to three ship types; combination carriers, general cargo
ships, and tankers. However, in the midship eection, only miscellaneous ships and

naval ships remained failurs fnee. Gsneral cargo ships increased their lead in percentage
failures in the midship area to 14.33%. All of the failures on general cargo ships
in the midship area were in group 2-c (Table 16). Appendix A and the discussion
cm tripping brackets in the first section, indicate that the majority of the general
cargo ship failures in family/group 2-c were contributed by the bulwark and hatch
coaming supports. Tripping bracket failures in the aft section of the ship were
limited to naval ships and tankers.

Family Number 3 - Non-Tight Collars

Peak failure trends in this family appear in the forward area of miscellaneous
ships, midship area of containerships, and aft area of general cargo ships. The
failure peaks appear very small in the midship area. This is because there were
only two failures observed in the sixteen bulk carriers and five failures observed

in the twenty-four con.ts,i.n~.rshjp?,surveyed which, after normalizing, amounted to
a O.05% and O.09% failure i-ate,respectively.

Family Number 4 - Tight Collars

This family was free of failures except for the midship area of general cargo
ships. There was one failure observed on one of the twenty-four containerships
surveyed, but even after normalizing (using seven ships).only a fraction of a
failure would appear in Table 15.

Family Number 5 - Gunwale Connections

Failures in gunwale connections were &served in only three ship types. The
midship area of containerships sustained 2.08% failures; the midship area of
miscellaneous ships sustained 50% failures; and the midship area of tankers sustained
7.14% failures.
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Family Number 6 - Knife Edge Crossings

There were no knife edge crossings

Family Number 7 - Miscellaneous CutoutS

observed.

This family contained 50% of all the observed details and 17% of all the
failures listed in Table 15. All of the ship types, except miscellaneous and genera
cargo ships, experienced failures throughout. General cargo ships had no failures

4

forward, and miscellaneous ships had no failures at all. Peak failure trends

appeared in the forward and aft sections of bulk carriers, and in the midship section. .
of combination carriers. AS indicated in “Structural Details of Ships in Service, ”1

all of the failures in the forward and aft sections of the bulk carriers occurred
in details 7-D-2 and 7-H-5. ‘he lightening hole cutout, detail 7-E-2, end the
weld clearance cutout, detail 7-H-1, accounted for all of the failures in the
midship section of the combination carriers. The midship section of the containers
had failures in each of the eight groups of miscellaneous cutouts.

Family Number 8 - Clearance Cutouts

The largest number of clearance cutouts were used in tankers, miscellaneous
ships and combination carriers. Naval ships had the least and they were found in
the aft section only. AS shown in Figure 37, bulk and combination carriers had
the highest failure percentage in the forward section of the ship. Detail 8-E-2
accounted for all of the bulk carrier failures and detail 8-E-7 for the combination
carrier failures. In the midship section, detail 8-D-6 was reapnnsible fOr the
8.1% failure rate on the combination carriers. The failure rate for bulk carriers,

containerships, and general cargo ships, changed very little from the first survey,
as shown in the midship plot of Figure 37. Very few clearance cutout failures
were &served in the aft section of any of the ship types.

Family Number 9 - Structural Deck Cuts

This family was free of failures in the forward section of all ship types and
only tankers experienced failures in the aft section. However, the second survey
revealed a few problem areas in the midship area of bulk carriers and general cargo
ships. The failures in detai1 9-B-2 produced a higher failure rate in the midship
area of bulk carriers as compared to cuubination carriers in the first survey.
Dstails 9-B-5 and 9-C-4 were responsible for the few failures in the midship area
of the general cargo ships.

Family Number 10- Stanchion Ends

Containerships and tankers were the only two ship types to sustain stanchion
end failures in the forward section of the ships. At midship, the bulk carriers
continued to lead the other ship tvpes in percentage failures with a 55.56% rate.
The only stanchion end failures-in-~he aft-section ‘of any of the ahip types occurred
in detail 1O-A-1 on a containership.

Family Number 11 - Stiffener Ends

Peak failure trends in this family appear in the forward area of combination

1. Jordan, C. R.; Ward, W. C.; “Structural Details of Ships In Service, ” presented
at Hampton Roads Chapter, Society of Naval Architects and Marine Engineers,
Narch 15, 1978.
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carriers, midship area of tankers, and aft area of bulk carriers. After the data
from both surveys were combined, the percentage of failures in the midship area of

containerships was reduced to O.48%; and, the percentage of failures in the midship
area of general cargo ships was increased to 1.12%.

?amily Number 12 - Panel Stiffeners

Distribution of panel stiffeners varied from 8.32% on containerships to
25.69% of naval ships, with the largest number of failures occurring in the midship
area of the general cargo ships. Only bulk carriers and tankers showed failures
in the forward section of the ships. Peak failure percentage appears in the aft
saction of general cargo ships.

SLIMMARYOF RESULTS

Using the same survey techniques and data analysis procedures developed in
‘he Ship Structure Committee Project.SR-12 32, “Structural Detailb Failure Survey, ”1
an additional twelve bulk carriers, twelve containerships, and twelve general cargo
ships were surveyed in the midship/cargo area. During a fourteen month period,
repair yards and loading facilities were visited on all three coasts of the United
States in order to obtain eligible candidates for the survey.

The second survey produced eighty-one new detail variations for the twelve
sristing structural detail families. This brings the total number of configurations
for the eighty-six ship survey to 634 distinct detail variations. Table 17 is a
listing for the second survey of the twenty detail variations that had either the
most observed failures or highest percentage of failures. Table 18 is a summary
listing the total nurber of detai1s and detail failures observed for each family in
‘Je second survey as well as for both surveys combined.

A total of 117,374 details were observed with a total of 3,555 failures,
yielding a failure rate of 3.03% for the second survey. In the first fifty-ship
survey, the 3,301 failures of the 490,210 details observed, resulted in a failure
rate of O.67%.. By combining the data in the two surveys, the results show 6,856
failures for 607,584 observed details or a failure rate of 1.13%.

The twelve detail families continued to follow many of the trends established
x the first survey. Although some individual family failure percentages increased
x decreased due to a number of reasons, the majority remained the same. some
Observations on the twelve families performance in the second survey as compared to
‘Jat in the first survey follows:

o Some of the same beam bracket details appeared on the ten most prevalent
List in both surveys. Overall percentage of failures increased in the second survey.
fie failure percentage in the midship of bulk carriers remained the same.

o Tripping brackets showed an increase in failure percentage with increased
failures on all three ship types, bulk carriers, containerships and general cargo
ships. All of the failures in the midship area of general cargo ships continued
zo be in family/group 2-C.

1. Jordan, C. R. ; Cochran, C. S., “In-Service Performance of Structural Details, ‘“
Ship Structure Committee Report SSC-272, dated 1978.
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8ANK

1

2

3

4

5

6

7

*.

9

10

DETAIL
NUN8ER

l-c-l

l-C-25

2-c-19

l-c-2

2-C-11

2-c-7

12-B-2

1-E-1

12-A-3

2-C-20

TABLE 1?

TOP TEN FAILED DETAILS

~OST PREVALEN!

NO. OF
FAILUFJ3S

538

359

330

204

196

195

160

125

105

98

%
FAILUFJ3S

19.2

27.8

18.8

12.6

17.8

8.2

47.2

4.0

3.9

12.6

HII

DETAIL
NUNBER

1O-A-29

lo-c-33

1O-A-28

l-P-8

5-A-1

7-H-13

2-A-20

12-B-2

1o-B-26

2-C-27

ES1’ PERCENTAGE

NO. OF
FAILURES

2

4

3

8

1

12

54

160

6

50

%
FAILURES

100.0

100.0

75.0

66.7

50.0

50.0

49.1

47.2

42.9

42.4



TABLE 18

SUNNARY OF DATA FOR 12 DETAIL FANILIES

OBSERVED SECOND SURVEY TOTALS 0BSERV8D BOTH SURVEYS

?AMILY DETAIL FAMILY NO. NO. % TOTAL NO. TOTAL NO. %
NO. NANE DETAILS FAILURES FAILURES DETAILS FAILuRES FAiLURES

1 Beam Bracket 17836 1364 7.65 68586 2252 3.28

2 Tripping Bracket 13372 1273 9.52 34012 1587 4.67

3 Non-Tight Collar 4724 5 0.11 20974 33 0.16

4 Tight Collar 2654 46 1.73 20654 46 0.22

5 Gunwale Connection 72 1 1.39 172 5 2.91

6 Knife Edges o 0 0 0

7 Miscellaneous Cutouts 43819 207 0.47 296689 853 0.29

8 Clearance Cutouts 8797 22 0.25 57307 843 1.47

9 Deck Cutouts 1504 17 1.13 7534 29 0.38

10 Stanchion Ends 82o 24 2.93 7090 122 1.72

11 Stiffener Ends 9969 69 0.69 40729 298 0.73

12 Panel Stiffeners 13807 527 3.82 53837 788 1.46

TOTALS 117374 3555 3.03 607584 6856 1.13



o Non-tight collars maintained a very high sound detail percentage.

o The percent of sound details for tight collars was lowered from 100% to 99.8%,

due to a few failures on three generel cargo ships in the second survey.

o The workmanship and welding continued to be excellent on gunwale connections
with only one n~w failure reported.

o No knife edge crossings were observed in either survey.

o As in the first survey, no one group of miscellaneous cutouts could be
singled out as having more failures than the others. Weld clearance cutouts

continued to lead the failure list, and each of the eight groups had less than a ;

one percent failure rate.

o The family of clearance cutouts had a failure rate of O.25% in the midship
area of bulk carriers, containerships, and general cargo ships, as compared to a
failure rate of O.36% for the same three ship types in the first survey.

o Tha percentage of failures for deck cutouts increased slightly as a result
of failures sustained on a bulk carrier during a severe storm.

o The stanchion ends supporting the corners of the deckhouses eontfnued to be
a problem. Seventy- five percent of the stanchion end failures in the second survey
were new detail variations.

o The fsmily of stiffener ends had almost the same failure percentage in both
surveys. However, the failure percentage in the midship area of containerships

decreased slightly, while the failure percentage in the midship area of the general
cargo ships increased by about the same amount.

0 Psnel stiffeners showed a much higher percentage of failure due to one genera:
cargo ship that had an extreme maintenance problem.

Appendix A is a tabulation of the numerical data for each detail variation
observed in both surveys. The appendix for projects SR-1232 and SR-1258 were
combined to provide the maximum avail~le information on the 607,584 details observed
in tbe eighty-six ship survey. On each detail figure is shown the location of
cracks and buckles as indicated with a (-) and (+), respectively.

CONCLUSIONS AND RECOMMENDATIONS

This report analyzes and evaluates data collected from on board inspections of
thirty-six ships. The data collected on twelve bulk carriers, twelve Containers ips

P
and twelve general cargo ships, were combined with the data from Project SR-1232
to expend the data base in the midship sections of these three ship types. Besides
confirming many of the failure trends est~lished in the first fifty ship survey,
distinctive service performances were identified for the twelve typical structural
detail families in tie second survey. The data from the two surveys were s-rized
to provide the maximum available information for ready use by design and repair
offices.

1. Jordan, C. R. ; Cochran, C. S. , ,,~n-5ervice perfo-nce of structural Details t”

Ship Structure Committee Report SSC-272, dated 1978.
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A total of 117,304 details were observed with a total of 3,555 failures, which
produced a failure rate of 3.03% for the second survey. The failure rate for the
first fifty ship survey was O.67%. The 2.36% higher failure rate was probably due
to the location selected for the second survey. Since the first survey disclosed
that eighty-two percent of the detai 1 failures occurred in the midship section of
the ships, the second survey was confined to this problem area to confinn or refute
the high failure rate. Thus, by concentrating in an area of high detail failure,
and then summarizing the results, without including the data from areas with many
sound details such as the forward and aft sections of the ship, a failure rate higher
than the first survey “resulted.

Failures continued to be attributed to either one or a combination of five
categories - design, fabrication, welding, maintenance, and operation. In “Structural

Setails of Ships In Service, ”1 the authors’ analyze each of these failure causes and
provide not only how and why each of these items cause problems, but how to eliminate
these failures by the use of proper techniques. Additional recommended reference

msterial is also provided in that paper.

Data in the forward and aft sections of all ships, plus the data in the midship
section of the combination carriers , miscellaneous ships, naval ships and tsnkers
were taken from the first survey. Data for the midship section of bulk carriers,
containerships and general cargo ships were taken from both surveys. This brings
the total number of midship surveys for each of these three ship types to sixteen bulk
carriers, twenty-four containerships, and seventeen general cargo ships. My
failure trends established for the structural detai1S in the midship/cargo area of
these three ship types could be regarded as being more representative of what
actually occurs, as opposed to the ship types where failure trends have been established
after having surveyed only a few ships.

The information collected in the two surveys provides an adequate data base
for statistical evaluation of each family or family group. Evaluation of the effect
of ship type on these groups or on all individual detail configurations is less
relisble because of the smaller number of samples. The three ship types mentioned
above, plus naval ships and tankers have enough candidates for evaluation, but
combination carriers and miscellaneous ships have only five and two surveyed ships,
respectively. Perhaps combination carriers should have been continued in the second
survey instead of containershipa, since there were already twelve containership
candidates in the first survey. Also, it was noticed that twelve candidates were
enough to est~lish accurate failure trends since the failure percentage rate for
each detail family changed very little after adding the data from the second twelve
containerships surveyed. As for miscellaneous ships, the category is too broad to
establish any significant analyses with regard to individual ship types.

Projects of this type should be a continuing effort to provide feedback to
design and repair offices for increased confidence in existing design methods as well
as for future improvements. As more ships are surveyed, there is less need for
estimated data as used in the first survey. Eventual ly, a substantial data base is
formsd from which meaningful statistical analyses can be conducted to provide useful
information to ship owners as well as design offices. For instance, ship owners could
use the information to evaluate the economics of ship maintenance, OF the money saved
by adding tug stations, etc. Design offices could use the analyses to select the proper
detail configuration for a particular design situation and the waterfront trades could
use the data as an adjunct in teaching proper fabdication and welding techniques.

1. Jordan, C. R.; Ward, W. C. , ,,structur.l Details of Ships In SerViCe, ” presented

at Hampton Roads Chapter, Society of Naval Architects and Marine Engineers,
March 15, 1978.
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APPENDIX

Compilation of Performance Data for 634
Observed Structural Detail Variations

~7% ~w

‘i’hisappendi contains a able of failure data arranged
by family groq s for each of the detail variations observed
in projectS&and& ~he Failu~e Mode”Only observed data for
the various ship types are presented.
and “Failure Cause” columns are postulated by the use of

appropriate identification numbers listed in lSNOtes.,
(c) SDd (D) at the bottom of each table. With each detail
figure, the location of cracks and buckles is indicated with an

arrowhead and a (-) and (+), respectively. A design office or
repair facility can use this reference msterial in selecting
the most economical and appropriate configuration for a
particular loading condition and structural arrangement.

The following is a list of the total number of ships
surveyed in both projects. An asterisk denotes that twelve
ships were surveyed in the midship/cargo section only:

*16 - Bulk Carriers

5 - Combination Carriers

*24 - Containerships

*17 - General Cargo Ships

2 - Miscellaneous Ships

9 - Naval Ships

13 - Tankers—

86 - TOTAL NUN13EROF SHIPS SURVEYED

A-1
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TABLE A-1 DETAIL FAMILY BEAM BRACKETS

]LCCATION ON SHIPINO . of INo. of Total IPercent Detail Failure Failure

I
Sound Failed Number Failures Family Mode Cauae

SHIP TYPE Oetaila Details Details Number
. Observed Observed Observed

Pwd 30 30

Naval m 140 140 l-A-l

Aft 40 40 ,T’

Fwd 20 20

Naval m 110 110 l-A-2

Aft 30 30 T
Fwd 240 240

Naval ~ 1680 1680 l-A-3

Aft 490 490 ‘w

Fwd 120 120
Naval m 510 510 l-A-4

Aft 200 200 T

Miscella- Fwd
neous a 40 40 1-A-5

Aft
Fwd

Tanker m 198 2 200 1.0 1-A-5 1 ,1 d

Aft
Fwd

Tanker %1 4’ 15 ‘0
25.0 1-A-6 1 8,11,14

Aft w

Fwd 50 50

Naval m 270 270 1-A-7
Aft 90 / 90
Fwd 40 40

Naval m 240 240 1-A-8

Aft 70 70 w

Fwd 20 20

Tanker m 5’ 4 60 6.7 l-A-9 1 8,13

Aft 30 30 w

General Fwd
cargo m

Aft 29 1 30 3.3 l-A-l01 13

Fwd 30 30

Naval a ‘o 90 l-A-l1
Aft 20 20 T

F-wd
Naval E 70 70 l-B-l

Aft ,T
NOTES :
(A)Theabovecontinuedtablegivesinformation (D)Probabledetailfailureca.seaareecthnatedtdbe

relatedtoindividuddetaild=- inthe86 acombinationoffatigueandtheotherfactc.m
dipsurvey. indicatedinthetablebyappropriatenumbem M

(B) ‘TIMrom labeledaft,~ ,andfwdreferto f0110w8:
loutioMalongtbeshiple.gtb.The mid- 6.Shear 11.
hipsymbolrowcow tbemid-length 6.Tension 12.

throughouttbeentiracargocection. 1.Cc.mbmedTension&Shear 18.
(C) Thenumbers1,2,S & 4inthecolumnfor 8.Design 14.

failuremodereferb cracks,buckles,cmclu 9.Fabrication/Workmanship16.

andbuckles,andtitedidistorted,respectively. 10.Welding 16.

Neglect
Mi,w/Abw
Questionable
HeavySeu
CoUKIon
Other-SeeDhcuasion

A-2
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TA8LE A-1 DETAIL FAMILY : BEAM BPACKETS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed .Observed Observed
Fwd

Tanker m 26 4 30 13.33 l-B-l 1
T

13 ‘
Aft

Mlscella- F~
neous a 110 110 1-B-2

v
,-

Aft 50 50

Fwd
Tanker

m d
Aft 30 30 l-B-2

Fwd
Tanker- E 39 1 40 2.5 1-B-3 1 8

Aft 20 20 v

Fwd
Tanker N 266 14 280 5.0 1-B-4 1 8

v

- ..

Aft 40 40
Fwd

Tanker m 394 6 400 1.5 l-B-5 1
Aft T

8,9,10 .

Miscella- Fwd
neous E 160 160 1-B-6

~-

Aft
M

Tanker ~ 1494 I
Aft 4

Bulk Fwd
Carrier m 204 I I 204 I Il-B-7 I I 1=

Aft
Bulk Fwd
Carrier m 43 I

Aft
Fwd

Tanker m 51
Aft
Fwd

Tanker m
Aft 150 150 l-B-9

Fwd
Tanker m 288 12 300 4.0 1-B-1O 1 8

v

._

Aft 40 40
Bulk Fwd
Carrier B 46 3 49 6.1 1-B-11 1 13

Aft T
\

Container - F~
Ship m 40 40 1-B-11

Aft
Miscella- Fwd
neous n 46 4 50 s-o 1-B-11 2 12 i

Aft

f-

1 I I [ [ 4
6 1500 .4 1-B-6 1 8,9 ~

40 40

I I I I I I

~w

I 43 I l-B-8
I I I Iw

A-3
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TABLE A-1 DETAIL FAMILY : BEAM BRACKETS

I

LoCATION ON SHIP No. of NO. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause

SHIP TYPE - Details Details Details Number

Observed Observed Observed
Fwd

ranker M ‘8 1’ ““ 30.0 1-B-11 1 13
T

Aft
Fwd

Tanker M
Aft 5a 2 60 3.3 1-B-12 1 * 4

Bulk Fwd

Carrier m 49 1 50 2.0 1-B-13 1 14

Aft v

Fwd
Tanker m

Aft 40
Bulk Fwd
Carrier m 12 12 l-c-l

Aft

~.

Combination ‘Fwd 600 +

Carrier ~ 29;; 1 3000 .0 l-c-l 1 15
aft TFn 150

100

I 40 I 11-B-13I 1
I ~

---- -.. 1
COntainer- Fwd 100
ship ~ 1885 560 2445 22.9 l-c-l 2 (8,12,14 ~

Aft 110 110 15)

General Fwd 140 140

Cargo ~ 1926 128 2054 6.2 l-c-l 2 12,14,15 —

Aft 230 230
Fwd 198 2 200 ~

Tanker m l-c-l

Aft 400

Container - Fwd 488
ship m 2816 84

400
12 500 2.4 2 11 ,

2900 2.9 1-C-2 1,2
12, @

L0,14,15 ;:

]il=zI 542 58 600 9.7 2

General

11,14

iFwdl I t
Cargo M 1190 130 1320 9.B l-c-2 2 i2,14,15 —

Aft
Fwd 114 6 ~ ~

Tanker m l-c-2
Aft 60 60

Bulk Fwd
Carrier ~ !20 20 l-c-3

F ix
, lAftI 1
NOTES:
(A)Theabovscontinuedtablegivwinformation

relatsdtoindividualdetd desk-inthe86

I
n

(B)

(c)

dipsurvey.
wdrsfertaTherowsIsbeledaft,E ,andfm

locationsalongtheshiplength.Themid-
sbiDswnbolrowcoventhemid-lenmb
thr_Outiouttheentirecsrgosection.
Thentuuhsm1,2,8& 4 inthecolumnfor

~“
(D)Probabledetailfsilursmum areestimstedtobs

acombinationoffatigueandtheotbetfacton
indicatsdintbetsblebyappropriatenumbem M
follows:
5.Shear 11.Neglect
8.Tension 12.MisusslAbvs@
7;CombinedTension&Shesx 13.Questionable

fsifuremoderefertocracks,buckles,cracks s.rarmcauom

endbuckb,andtwi#tsd/distorted,rsspsctively. 10.Welding

8.Design 14.HeavySem
. . . . lWorkmmshlp 15.cOuMlOn

16.Other-SeeDucumion

A-4.- .-



TABIJIA-1 DETAIL FAMILY : BEAM BSACK8TS

KICATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘ I
Sound Failed Number Failures Family Nnde Cause

SHIP TYPE Oetails Details Details Number

Observed Observed Observed
Combination Fwd 20 20

Carrier E 260 260 l-c-3
v

.-.
;+

Aft 30 30

COntainer- Fwd 48 2 50 4.0 1-C-3 2

a
14 J

ship
Aft

COntainer- Fwd 70 70

ship E 450 450 1-C-4

Aft 130 130

General Fwd 90 .90

Cargo m 1-C-4

Aft 90 90

Fwd 108 2 110 1.8 2 14

Tanker w 1-C-5
,F

..

Aft 240 240

COntainer- Fwd 116 4 120 3.3 2 14

ship m 1-c-6
v
~;-

Aft 200 200

Fti 59 1 60 1.1 1 15

Tanker m
l-c-6

Aft 100 100

Miecella- Fwd 80 80

neoue m
1-C-7

F

~--

Aft 40 40

COntalner- Fwd 497 3 500 .6 2 14

ship ~ 4131 16 4147 .4 1-c-8 2

v

14,15 :--

Aft 900 900

General Fwd
Cargo m 200 30 230 13.0 l-c-s 2 12,14 “A

Aft
Bulk Fwd 30 30

Carrier m 140 140 l-c-9

Aft 38 2 40 5.0 2 15 F

General F@ 20 20

cargo m 100 100 l-c-9

Aft 40 40

Fwd
Tanker m

i

Aft 50 50 l-c-9

hntalner- M
ship m 150 150 l-c-l0

Aft R
Gsneral F@
cargo m 39

1 40 2.5 l-c-l02 9,14 ‘i

Aft
COntalner- F@ 236 4 240 1./ 1-- L ,? 8

ship n
F

.

Aft

A-5.,. .-
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TABLEA.~ DETAILFAMILY;BEAMBRAcKETS

LOCATIONONSHIPNo.of

-1 !%!::.
Bulk Fwd
Carrier M

Aft 45
Fwd

Tanker N
Aft 45

Container-Fwd
ship x 20

Aft
Container-Fwd
ship m 1::

Aft 20
Container-Fwd 136
ship n 100

Aft
Container-Fwd
ship m 1::

Aft
Bulk Fwd 100
Carrier B 300=lE
Tanker Iml -

No. of Total Percent
FailedNumber Failures
Details Details
Observed Observed

---t-t-
45

T-l=-k-
20

14 150 9.3
100

4 100 4.0
190

100
300

5 90 5.6
340
90

1 10 10.0

Aft
Container-Fwd

m 3::
50

ship 300
Aft 90 90
Fwd
IM 1;:

20
Naval 100

Aft 20 20
CombinationFwd
Carrier a 120 120

Aft I
Combination‘Wd
Carrier m 50 50

Aft 170 170
NOTES:

—
DetailFailureFailure
FamilyMode Cause
Number

1-C-12

1-C-12

1-C-13

1-C-14 2 9,14

2 11,14
1-C-15

2 15
1-c-16

1-C-17

2 15
1-C-.17

1-C-17 2 8,14

1-c-18

1-C-19

---
(A)Theabovecontinuedtablegiveeinformation (D)Probabledetailfailurecaueeaareestimatedtobe

relatedtoindividue.ldetailde~igMinthe86 acombinationoffatigueandtheotherfactore
ehipsurvey. indicatedinthetablebyappropriatenumbersaa

(B)

(c)

l%erowalabeledaft,~ ,andfwdreferto follows:
locationaalongtheship}ength.Themid- 5. Shear 11.
shipsymbolrowcoversthemid-length 6. Tension 12.
throughouttheentirecargosection. 7. CombinedTension&Sheer13.
‘l%enumberal,2,3&4inthecolumnfor 8. Design 14.
failuremoderefertocracks,buckles,cracks 9. Fabrication/Workmanship15.
andbuckles,mdtwiated/diatorted,respectively. 10.Welding 16,

Neglect
Miauaa/Abuse
Questionable
HeavySeaa
Collision
Other-SeeDkusaion

A-6



TABLEA-1 D5TAILFAMILY:BEAMBFWCKEX

Percent
Fa~lures

5.0“
18.7

—..._

Detail
Family
Numbe~
-.—

1-C-22

1-c-23

1-c-24

1-C-25

‘-” “——r——————
LOCATIONONSHIPINo. of No. of ~Total

Failed~Number
Details~Details
Observed/Observec—.

4 H(;
12:! (jE,z

?ail~reFailure
~ode Cause

ISHIPTYPE

Container–
ship

General
Cargo

4--ISound
Details
Observec

Fwd
m 5;: 7 —-

2 14
2 11.12,rAftFwd

a
Aft 60 60————

7.5

27.5

28.0

——

kmAft 111
Fwd
m 424
Aft
Fwd

Tanker d=2 11

2 8,14,15

9; 120
Container-
ship 161 585

General
Cargo 198 706 1-C-25

1-C–26
——
1-c-27

-1-2 8,14,15
-.——————4—Bulk

Carrier

General
Cargo

Bulk
Carrier

4-Fwd
m 12
Aft
Fwd

12

B 22
AftIFR’=
--i---

Aft 180
Fwd 40
m 310

II 180
40
31(?

I 90, 20 ———

——.-

General
Cargo 1-D-1J=Aft 90

=d 20
E 60
Aft 30
Fwd 50

Miscella-
neous 1-D-1

Bulk
Carrier

Miscella–
neous

Miscella-
neous

General
Cargo

1000
50

l-D-2

?=

Aft 50
Fwd
E 300
Aft 80
Fwd 20

3()10
80

*---—:33

1-D-2
..—
I-D-3

1-D-4
——1-D-5

—-
1-D-6

———

m 120
Aft 30

120
30~ -—--—–-—iGTt————-!-----m 70

Aft 20
Fwd 30

/u
20..—.—30

40
.——

2

Bulk
Carrier

General
Cargo

-1--E
Aft
Fwd ——

5.0m- 38
Aft

A-7



TABLE A-1 DETAIL FAMILY , BEAM BRACKETS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed

Miscella- FWd 40
neous m 40280 280 1-D-7

Aft so 80 r

Bulk Fwd

Carrier m 50 50
F

.-
1-D-B

Aft 49 1 50 2.0 1 10
Combination Fwd
Carrier E

p

.t

Aft 60 60 l-E-l
COntainer- Fwd 40
ship m 13;: 89 1417 6.3 1-E-1 3,4

Aft
14,15

General Fwd

Cargo ~ 1640 36 1676 2.1 1-E-1 4 15
Aft
Fwd 20

Tanker m 20 1-E-1
Aft 30 30

Bulk Fwd 10
Carrier m :: 60 1-E-2

Aft 30 30 y

Combination Fwd
Carrier m 61J 60 l-E-2

Aft

COntainer- Fwd 20

m 20

1-E-2
ship

Aft

General I?wd

Cargo E 296 296 l-E-2
Aft
Fwd 30

Tanker m 30 l-E-2
Aft 40 40

General Fwd 20

m 20

l-E-3
Cargo

Aft
Fwd 20

Tanker m 20 l-E-3
Aft 50

NOTES :
50

(A)Tbeabovecontinuedtablegivssinformation (D)probabledetailfailurecawa us edbnatsdtobe
rsktsdtoindividualdettidesigmintbe86 acombinationoffatigueandtbeotherfsctom
#hipMuvey. indicatedinthetablebyapproprktanumbem u

(B) Therowslabeledaft,~ ,andfwdreferto f0ucw8:
lodiom alongtheshipIengtb.Timmid- 5.Shear 11.Ns@ct
shipsymbolrowcoventbemid-length 6.Tension 12.Mimus/Abum
tbmugbouttheentirecargo~ection. 7.CombinedTension&Shsu 19.Qusctioasble

(C) Thenumbem 1,2,3& 4 intbecolumnfor 8.Detign 14.lisavyseal
Mum mode refertocracks,buckles,cracks 9.Fabrication/TVorkm.snsbip16.COUlsiOn
andbucklss,andtwistsd/distortsd,respectively. 10.Welding 16.Other-BeeDiscudon

A-8
.- .-



TABLE A-1 DETAIL FAMILY : BEAM BRACKETS

LCCATION ON SHIP No. of No. of Total Percent

.1

Sound Failed Number Failures
SHIP TYPE Details Details Details

Observed. Observed Observed

General Fwd 90
Cargo A?. Bi8 820

130 130
Combination F~
Carrier m

Aft 50 50
Miscella- Fwd 20 20
neous E

Aft 80 80
Fwd 20

Tanker m 20
Aft 80 80

Bulk Fwd
Carrier R 20 20

Aft 20 20
Fwd

Tanker m
Aft 9 1 10 10.0

General Fwd

Cargo B 253 253
Aft
Fwd

Tanker n 40 40
Aft 30 30

COntainer- Fwd 98 2 100 2.0
ship m

Aft
Bulk Fiwd 20 20
Carrier a

Aft
COntainer- Fwd 10 10
ship m 200 200

Aft 31 9 40 22.5
Fwd

Tanker ~ 442 8 450 1.8
Aft

COntainer- Fwd

ship m 176 2 178 1.1
Aft
Fwd

Tanker ‘m 175 5 180 2.8

Aft
Fwd 30 30

Tanker m
Aft

Bulk Fwd 47 3 50 6.0
Carrier E

Aft

Detail Failure Failure
Family Mode Cause
Nunber

l-E-4

,F

y

;—

1-E-5

1-E-5

1-E-5

1-E-6 1 11

1-E-7

F“

1-E-7

1-E-8 1,2 5,9

F
+

1-F-1

F

.+

=t%T

TEl
1-F-3

F

/

1-F-4

F

-.

A-9
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TABLE A-1 DETAIL FAMILY : BEAM BFACKSTS

IAXATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I
Sound Failed Number Failures Family Mode Cause

SHIP TYPE petails Details Details Number

Observed Observed Observed

Miscella- - 20 20 l-F-4

neous m
Aft F
Fwd 3 50 6.0 l-F-5 1 14

Tanker M 47
Aft .F

Fwd 480 480
Naval m 3400 3400 l-G-l

Aft 960 960 F

Fwd 10 .10

Naval n 50 50 l-G-2
Aft 30 30 F

Fwd 30 30 l-G-3

Tanker E
Aft v

Cantainer- Fwd

ship m 74 74 1-G-4
Aft y

General Fwd

Cargo B 20 20 1-G-4
Aft
m d

Naval M
Aft 40 40 1-G-4

Combination ~ d 20 20 l-G-5

Carrier m
Aft F

COnteiner- Fwd

ship m 232 232 1-H-1
Aft

General Fwd 6 90 6.7
m 4:

1 14

Cargo 466 1-H-1
Aft

Bulk Fwd

Carrier N 56 56 1-H-2
Aft

Combination ~ d
Carrier B 50 50 1-H-2

Aft
NOTES:
(A)Thesb.xscontinuedtablegivesinformation (D)Prohahledetailfailu?scmweoare-thnatedk he

mlatadtoindividualdetdld~iem inthe86 acombinationoffatigueandtheotherfactam
sbln-. indicatedinthetiblebyappropriatenumbsm u

(B) l%:r- hbeledaft,m ,andfwdreferto fouowl: .. .,..,---

(c)

loutiomalongtbeshiplength.Tbemid- 5.Shem 11.!XWJ,..
shipsymbolrowcovsnthemid-length 6.Tension 12.Miwe/Abw
throughouttbeentirecdmosection. 7.CombinedTemion& Shear 1S.Qu@iofuble
Thenumben 1,2,S& 4 inthecolumnfor 6.Desigu 14.HeavySeas
falhrsmodersfertocracks,buckle-,crach 9.Fabrication/Workmambip16.Collision

andhuckl-,andtwf8tsd\dutorted,wpsctively. 10.Welding 16.‘Other-SeeDi#cu4wI



TABLE A-1 DETAIL FAMILY: BEAM BRACKETS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure

“I

Sound Failed Number Failures Family Mode
SHIP TYPE Ostails Oeteils Detsils Number

Observed Observed Observed
Combination F@ 20 20
Carrier X so 80 l-H-3

Aft 20 20

COntainer- Fwd 29 1 30 3.3 1-H-4 2

ship m
Aft

Bulk Fwd
Carrier n

Aft 90 90 l-H-5

COntainer- Fwd
ship a 473 473 1-H-6

Aft
Fwd

Tanker E
Aft 30 30 l-H-6

Bulk M 193 7 200 3.5 1
Carrier m 236 4 240 1.7 l-H-7 2

Aft
Bulk Fw3 85 5 90 5.5 1

Carrier m 116 116 l-H-8
Aft 40 40

Fwd 30 30
Tanker m l-H-9

Aft 40 40
Bulk Fwd
Carrier m Z5 25 1-H-1O

Aft
General Fwd
Cargo a

Aft 29 1 30 ,3.3 1-H-1O 1
Combination Fwd 20 20
Carrier E 1-H-11

Aft 20 20
Fwd 20 20

Tanker E 1-H-11
Aft 20 20

COntainer- Fwd
ship a 260 260 1-H-12

Aft
General F@
Cargo m 935 935 1-H-12

Aft
Bulk Fwd
Carrier m 144 144 1-H-13

Aft
General Fwd
Cargo ~ 1172 19 1191 1.6 1-H-13 21

Aft I

A-n.. .,

1FailureCause

I



TABLE A-1 DETAIL FAMILY : BEAM BFACKETS

LOCATION ON SHIP No. of No. of TOtal Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE - Details Details Details Number

Observed Observed Observed

General
Cargo ~ 332 332 1-H-14 -

Aft

General P@

Cargo w 139 27 166 16.3 1-H-15 1,2 8,12
d

:
Aft

Bulk Fwd

Carrier m 16 16 1-J-1
&

/
Aft

COntainer- F~
ship w 36 4 40 10.0 1-J-1 1 8,14

Aft

General Fwd

Cargo m 36 36 1-J-1
Aft
Fwd

Naval “% 8 2 10 20.0 1-J-1 2 13
Aft

Combination F~
Carrier Xl 16 4 20 20.0 1-J-2 1 s

Aft m

Combination ~
Carrier M 22 8 30 26.7 l-J-3 1 8,11

D \
Aft

Bulk Fwd

Carrier a 18 12 30 40.0 l-J-4 1 8,14
Aft m \-

COntainer- Fd
ship m 16 4 20 20.0 1-J-4 1 8,10

Aft

General FWd

Cargo x 89 1 90 1.1 1-J-4 2 15 +
Aft

COntainer- Fwd
ship m 35 15 50 30.0 1-J-5 1 8

Aft m \

Bulk Fwd

Carrier a 88 88 1-J-6
Aft .&

NOTSS:
(A)The●bovecontinuedtablegivssinformation (D)Robabledetailfailurecaus.sosresstinmtedtobe

mhtmd toIndividualtied dd inthe86 acombinationoffatigueandtheotherfactom
shipWrvey. indicatsdinthetablebyappropriatenumbsm u

(B) TIMrowsIsbelsdaft,m ,andfwdmfm ~ follows:
loatiomalongtheshiplength.Themid- 6.Shear 11.Ne@ct
shipsymbolrowcoverstkemid-length 6.Tendon 12.MimselAbuw
throughouttheentirewo tsction. 7.CombinedTension&Shear 18.QusAonable

(C) Thenumhem 1,2,9& 4 inthecolumnfor 8.Design 14.HeavySsu
failuremode?sfertocracks,bucldss,crsclm 9.FabricationiWorkmaMbip1S.Collision
andbuckk,andtwistddistorted,~pSCtiVdY. 10.WekNng 16.Othsr-SeeDiscusBi!

A-12.. ~.



TABLE A-1 DETAIL FAMILY : BEAM BSACKSTS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details , Number

Observed Observed Observed

COntainer- Fwd
ship m 20 20

Aft
1-J-6

a
General Fwd

Cargo m 24 24
Aft

1-J-7
-m

COntainer- Fwd

ship n 26 26 1-K-1
Aft 90 90 Y“

Container - Fwd
ship m 8s 2 90 2.2 1-K-2 2

w

+,
s

Aft
Fwd

Tanker m
Aft 8 2 10 20.0 l-K-3 1,2 14 m
Fwd

Tanker m 24 16
w

-,
40 40.0 l-K-4 1 11,13

Aft
Container - Fwd
ship ~ 16S 2 170 1.2 1-K-5 1 13

Aft T
Fwd

Tanker m 87 3 90 3.3 l-K-6 2
Aft >F

11 .

Container - Fwd
ship m 9 1 10 10.0 1-K-7 1 10

Aft T
Container- Fwd
ship Q 120 120 1-K-8

Aft P

General Fwd 112 8 120 6.7 1

m
14

Cargo 232 232 1-K-8
Aft

COntainer- Fwd
ship m 76 76 1-K-9

Aft 7
Bulk Fwd
Carrier m 604 2 606 0.3 1-K-1O 4

Aft
k

15

General Fwd
Cargo a 147

T

..
147 1-K-11

Aft
COntainer- Fwd
ship m 76 76 1-K-12

T

,’
Aft

Bulk Fwd
Carrier m 32 32 1-K-13

Aft T

-. A-13 -



TA8LE A-1 DETAIL FAMILY : BEAM BwCKETs

lxXATION ON SHIP No. of No. of Total Percent Detail Failure Failure

1

Sound Failed Number Failures Family Mode Cauae
SHIP TYPE Details Details Details Number

Observed Observed Observed
9ulk Fwd

?arrier m 19 19 1-K-14
Aft A

20ntainer- Fwd
ship m 46 46 1-L-1

Aft k
Fwd S2 8 90 8.9 l-L-l 2

w

14,15
I!anker

Aft
20ntainer- M 279 41 320 12.8 1,3 7,14,15

ship m 1-L-2
Aft 266 4 270 1.5 2 S,13 ~

General Fwd

Cargo m 56 4 60 6.7 1-L-2 1 7
Aft

Miscella- Fwd 33 7 40 17.5 2 15
neous m 1-L-2 -

Aft 20 20

COntainer- Fwd
ship B 237 1 238 0.4 1-L-3 2 13

Aft k
Fwd 50 50 1-L-3

Tanker m
Aft

Bulk Fwd

Carrier E 46 4 50 8.0 1-L-4 1 13
Aft k

COntainer- Fwd 50 50 1-L-5
ship m

Aft ,5
COntainer- Fwd
ship m

Aft 30 30 1-L-6 L
Bulk Fwd
Carrier N 22 22 1-L-7

Aft L
COntainer- Fwd
ship n 80 80 1-L-7

Aft
Nnlv?s 6..-. —.
(A)Theabovecontimmdtabledvsainformation (D)Probabledet.dlMum caus.siareMinmtsdtoba

(B)

(c)

&latsdtoindividualdetail‘d-in tbe86
shipmrvey.
‘pherowslabeledaft,~ ,md ?wdreferto
hmatiomsfongthechipleni!th.Themid-
ddpsymbolrowcovm themid-length
throughouttheentirecargomction.
Thenumhen 1,2,9& 4 Inthecolumnfor
fsklummoderefertocracks,bucklss,cracks
andbuckles,andttitsdldistorted,-Pectively.

acombinationoffatigueandtheotherfmtom
indicatsdinthetab!ebyspproprkatenumbem a
foilowl:
& Shesr
6.Tension

11.Neglect
12.Misuse/Abuss

7.CombinedTendon& Shear 1S.Questionable
8.Dss@ 14.HeavySe-
9.FabricationlWorkmmuhip15.COUIAOn
10.Welding 16.Other-&s Discwtkon



TABLE A-1 DETAIL FAMILY : BEAM BRACKETS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Datails Details Details Number

Observed Observed Observed

COntainer- * 260 260

ship M 200 200 1-M-1
Aft 20 320 ,L

COntainer- F~
n 1::

90
ship 180 1-M-2

Aft 120 120 L

General Fwd

Cargo m
Aft 60 60 1-M-2
Fwd

Tanker E
~

Aft 39 1 40 2.5 1-M-2 1 11
Combination Fwd
Carrier “m 200 200 l-M-3

Aft &
General Fld
Cargo m

Aft 10 10 l-M-4 L
Fwd

Tanker a
A

Aft 30 30 l-M-4
General Fwd
Cargo n 50 50 l-M-5

L

J

Aft 110 110

Bulk Fwd
Carrier m 243 243 l-M-6

&

4

Aft
COntainer- Fwd
ship n 354 16 370 4.3 1-M-6 2 14

Aft 109 1 110 0.9 .1 7

General
.—.——

F@
Cargo Z 480 20 500 4.0 1-M-6 1 11

Aft

General Fwd

Cargo s
Aft 220 220 1-M-7 -L
F& 90 90

Tanker m l-M-7
Aft 160 160

Bulk w
Carrier 3X 24 24 l-M-8

Aft _&
Combination Fwd
Carrier m 148 2 150 1.3 1-M-8 2 13

Aft
Fwd

Tanker a
Aft 9 1 10 10.0 l-M-8 1 11

A-15
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TABLE A-1 DETAIL FAMILY : BEAM B~CKETS

(B)

(c)

LOCATION ON SHIP No. of No. of Total Percent Detail Failure

I

Sound Failed Number Failures Family Mode
SHIP TYPE . Details Details Details Number

Observed Observed observed

Bulk Fwd

Carrier M 62 24 86 27.9 l-M-9 1
Aft

Bulk Fwd

Carrier N 15 15 30 50.0 l-N-l 1
Aft

Combination F~d
Carrier 90 90 l-N-l

Aft

COntainer- F~
ship m 30 30

Aft
1-N-2

Fwd 10 10

Naval w 30 30
Aft

1-N-3
10

Fwd

m 1::
20

Naval 180 1-N-4
Aft 30 30

Bulk Fwd

carrier B 109 21 130 16.2 l-N-5 3,4
Aft
Fwd

Naval M
Aft 50 50
Fwd

l-N-6

Naval m 19 1 20 5.0 I-N-7 2
Aft

Bulk Fwd

Carrier m
Aft 40 40 l-P-l

MiSCella- F~
neous n

Aft 10 10 1-P-1
Fwd

Tanker m 181 39 220 17.7 1-P-1 1
Aft

Combination FWd
Carrier a 310 310 1-P-2

Aft
NOTES :
(A)Theabovscontiuedtablegiv-infomation (D)Probabledetailfail.recamsreS9t

rsfahdtoindividualdet~deM8minthe8e acombinationoffatigueandtheotl
tilpml?vsy. indicatedinthetablebyappropriate
Therowslabsledaft,~ ,andfwdrsferto follow,:
Iocatiomalongthethiplength.Themid- 5.Shear 11.
shipsymbolrowcovemthemid-length e.Tension 12.
throughouttieentirscargosection. 7.Combmed Tetwion&Shear 19.
Thenum6sra1,2,3& 4 inthecolumnfor 8.Design 14.
failursmode refertocracks,buckles,cracks 9.Fabrication/Workmamhip15.
andbuckled,andtwistsd/dutorted,re#pectivslY. 10.Welding 16.

a

-i

Cause

7
R

Ili.1+$
8,12 I-F

‘IL
Anatedtobs
~erfactors
>numbersM

Neglect
kfimsslAbuss
Questionable
HeavySsu
Couidon
Other-SeeDim

A-16.. ,



TABE3 A-1 DETAIL FAMILY : BEAM BRACKETS

LOCATION ON SHIP Nu. of M. of Total Percent Detail Failure Failure

– 1.
Sound Failed Number Failures Family Mode Cause

SHIP m Details Details Details Number
Observed Observed Observed

Miscella- ~
neous Xl 50 50

Aft
l-P-3

&

Bulk Fti

n
‘ m

Carrier
Aft

Bulk FwL

Carrier m 19
IQ

:,
19 l-P-5 ~.

Aft
. -. .. m

! 24 6 30 20.0 l-P-4 3
t 115 JR

dl I I I I I I-3

Bulk Em

Carrier _q 57 13 70 lB.6 l-P-6 1,4 7,15
t

T
\

a R
Att

Bulk
~

Carrier w 155
Aft

Bulk Fwd

Carrier m 4 B
Aft

Bulk Fte3

Carrier m 62
a$+ 2

155

12

62

66.7 l-P-8
I

1 8,11,14 I.&

TA8L!3A-2 DETAIL FAMILY : TRIPPING BRACKETS

ICCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

1
Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Number
Observed Observed Observed _

Fwd 10 10
Naval z 20 20 2-A-1

Aft 20 20 L

COntainer- Fwd 20

ship m 3:: 348 2-A-2
Aft 40 40 L

Ganeral Fwd 10 10
Cargo n 100 100 2-A-2

Aft 40 40
Fwd 20 20

Tanker w. 160 160 2-A-2 ~

A?t 30 30
General Fwd 8 2 10 20.0 2-A-3 1 8,12

Cargo m
Aft

A-17
.. ,,..

. —



TABLE A-2 DE1’AILFAMILY : TRIPPING BS.MX.ETS

=--l-#

--t

. .
ranker M

Af

zontainer- FW
ship m.=

KICATION ON SHIP No. of No. of Total Percent Detail Failure Failure

==11 =i~. :~. ~=s ‘ai’ures =; ‘“de

Cause

3bserved Observed Observed

. 20 20
310 310 2-A-4

Axt 100 100 &

;Ontainer- Fw’
ship n 30 30 2-A-4

Aft

jeneral Fwd
;argo E 16 16 2-A-4

Aft
=“’

::
30 30 2-A-4

i
d

[ 28 2s 2-A-5
Art &
Fwd

ranker X 145 5 150 3.3 2-A-5 1 * A

Aft

Bulk Fwd 40

Carrier xl :; 5957 962 0.5 2-A-6 2
L

14 ‘
Aft 70

combination Fw’ 50 50 2-A-6

Carrier m
Aft
E%d 110 110

Tanker m 632 8 640 1,2 2-A-6 2 11
i

Af% 140 140
Bulk Fwd
Carrier E 198 198 2-A-7

Aft A

Fwd
Tanker m 81J 80 2-A-7 “-f

Aft

COntainer- Fwd 40
ship m 2;: 230

Aft 50
2-A-8

50 k

Bulk Fwd
Carrier E 35 15 50 30.0 2-A-9 2 15

Aft :M +

NoTEE:
(A)Theabovscontinusdtablsgivwinformation (D)Probabledetailfailursca.swus ectinu~dtoIX

~1.tidtiindividuddetdldeaie~inthe86 acombinationoffatigueandtheotherfactotm
shipMuvsy. indicatedinthetsblebyappropriatemunh.m m

(B) Tberowslabsledaft,~ ,andfwdrsfsrto follows:
Iocatiofuslongtheshiplength.Tbemid- 6.Sberu 11.Ne@ct

shipsymbolrowcovemthemid-length 6.Tension 12.Mimus/AbuM

throughouttheentirecargossction. 7.CombinedTension&Shear 1S.Questiotmbk

(C) Thenwnhem 1,2,8& 4 Inthecolumnfor 8.Design 14.HsavYS-

failursmodersfsrtocrocks,bucklss,craclu 9.Fabrication/Workmwuhip16.collision

~d buekb, andttid/db@*di *W~velY. 10.Welding 16.Other-SeeDhcus$ioI



TABLE A-2 DETAIL FANILY : TRIPPING BRACKSTS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘1
Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Number
“ Observed Observed Observed

Bulk Fwd

g 50 1 51 2.0 2-A-1O 1
7111 &

g I 200
10
200 2-A-1O
40
In -t

Iship I

I 1 1
:-A-13II

Aft 40
Fwd 10 .“

‘Tanker m 26o 10 27o 3.7 2-A-1O 1 6,10 -1
Aft 20 20

COntainer- Fwd

E 20

20
ship 100 100 2-A-11

Aft 40 40
COntainer- Fwd 40 40
ship m 370 370 2-A-12

Aft 80 80
Fwd 60 60

Naval w 160 160 2.
Aft 70 70
Fwd 20 20

Tanker a :: 70 2-A-14
Aft 30
Fwd 20 20

Tanker n 2-A-15 DAft 30 30
Combination Fwd 30 30 2-A-16
Carrier m

Aft
Bulk Fwd
Carrier a 140 140 2-A,-l7

Aft
Combination Fwd
Carrier m 110 110 2-A-17

Aft
General Fwd
Cargo E

Aft 20 20 2-A-17
Fwd 40 40

Tanker a 80 80 2-A-17 ~1
,i=+

1 ‘.. . I
Combination 1Fwd I

40 2-A-18

Iship
1.%1 ‘2

12 2-A-19

I .7A
A

AZ t

Fwd 110 ..”
Tanker ~ 1200 1200 2-A-19 J

Aft 40 40

A-19.,. ...



TABLE A-2 DETAIL FAMILY : TRIPPING B8ACKETS

(B)

(c)

LcCATION ON SHIP No. of NO. of Total Percent Detail Failure Failure

1

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Detaila Details Details Number

“ Observed Observed Observed

COntainer- Fwd
ship m 56 54 110 49.1

B
2-A-20 1,2,4 (8,11,14 +

Aft 15)
Fwd 9 1 10 10.0 2-A-20 2

Tanker m 15 “A

Aft
Combination Fwd 56 4 60 6.7 2-A-21 2
Carrier m

Aft 1’ &

COntainer- Pwd 80
ship ~ 1:: 150 2-A-22

Aft 40 40

General Fwd 10 10 4

Cargo m ;; 40 2-A-22
Aft 20
Fwd 40 40

Tanker a 2-A-22
Aft 60 60

COntainer- Fwd
ship a 30 30 2-A-23 *

Aft 20 20
Miscella- Fwd

neous m 20 20 2-A-23
Aft

Bulk Fwd
Carrier m 130 130 2-A-24

Aft A

COntainer- Fwd 140 140
ship ~ 1037 51 1088 4.7 2-A-24 1,2,4 8,14,15 —

Aft 190 190
Fwd 30 30

Tanker n 2-A-24
Aft 30 30
Fwd 10 10

Tanker a 2-A-25 &
Aft 50 50

General Fwd 10
Cargo ~ 1:: 180 2-A-26

Aft 30 30 A

NOTE8 :
(A)Theabovscontinuedtsblegivesinformation (D)Frobabl.detailfail.rscausesruee#timatsdtobs

rslstsdtiindividualdetaildesie’minthe88 acombinationoffatigueandtheotherfactors
shipmlrvsy. indicatedinthetsblebyappropriatenumbsm u
Therow labsledsft,~ ,andfwdreferto foumw:
locstionsslongtheshipIengtb.Themid- 6.Shesr 11.Nsglsct

shipsymbolrowcovemthemid-length 6,Tension 12.Misu8slAbuw

throughouttheentirscsrgomction. 7.Combmed Tension&8hesr 13.Queotionsble
Thenumbsm 1,2,9 & 4 inthecolumnfor 8.Design 14.HeavySeu

failursmoderefertocracks,buckles,cracks 9.Fabrication/Workmamhip16.Collidon

sndbuckka,andttitsd/di#torted,respectively. 10.Welding 16.Other-SesDitmudon

A-20

.. ,.



TABLE A-2 DETAIL FAMILY : TRIPPING BRACKBTS

LOCATION ON SHIP No. of No. of Total Percent

‘1

Sound Failed Number Failures
SHIP TYPE .Details Details Details

Observed Observed Observed
Fwd

Tanker M
Aft 106 4 110 3.6
Fwd 10

Naval m :: 30
Aft 20 20
Fwd

Tanker E 49 1 50 2.0
Aft

Bulk Fwd

Carrier E 24 24
Aft

General Fwd 10
Cargo a +: 70

Aft 20 20
Fti 110 110

Naval n 640 640
Aft 240 240

Bulk Fwd
Carrier E 180 20 200 10.0

Aft
Bulk Fwd
Carrier a 12 12

Aft
Bulk Fwd
Carrier m 51 51

Aft
Bulk Fwd
Carrier a 24 1 25 4.0

Aft
COntainer- Fwd
ship m 378 4 382 1.0

Aft
Bulk Fwd
Carrier m 31 5 36 13.9

Aft
Bulk Fwd 10 10
Carrier m 40 40

Aft 10 10

Combination Fwd 30 30
Carrier E 420 420

Aft 30 30

Fwd 20 20
Tanker m 600 600

Aft 40 40
Bulk Fwd 10 10
Carrier @- 260 260

Aft 30 30

Detail Failure Failure
Family Mode Cause
Number

I ,

2-A-27 1 13

m’2-A-28

2-A-2B

+++

2-A-30 2 15

fl

2-A-31
&

2-A-32
A

2-A-34 1 7,10

E

2-B-1

&
- ..

2-B-1

—

2-B-2

-&
.. ..

2-B-3

a
.

A-21..



TAELE A-2 DETAIL FAMIL~ , TRIPPING BRACKETS

IF

LQCATION ON SHIP NO. of NO. of Total Percent Detail Failure Failure

1-

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed

Combination ~ 40

Carrier m 4:: 4 480 .8 2-B-3 2
Aft 70 70
Fwd 20 20

Tanker M 433 17 450 3.8 2-B-3 2 11,15
Aft 40 40

COntainer- Fwd 20

ship m 20200 200 2-B-4
Aft 50 ~

MiScella- F~ 10

neous m +: 70 2-B-4
Aft 10 10

20

Tanker ad 20 2-B-4
Aft 30
Fwd 60

Naval n 60310 310 2-B-5
.5

.

Aft 149 1 150 .7 2 13
‘d

Naval % 120 120 2-B-6
Aft A

db

COntainer- Fwd

ship m 40 40 2-B-7
Aft _ a

Combination fid 30

Carrier m 30100 100 2-B-8
Aft 90 90 &

20 2-B-8

20

%.1 % 390 2-B-9
110 A

20

q ~fi180 180 2-B-1c

60 &

40

a ‘“230 230 2-B-1c
!.aft 90

NOTES:
rnilfailurecauseaw estimatedtobe

individualdettidssiwuinthe86 acombinationoffatigueendtheotherfactori
fappropriatenumbm as

Miscella- F~
neous m 20 I

(A)Theabovscontin.sdtablegivesinf?mytion (D)Probabledeta
mlatsdtai
shipWrvsy. indicatedintheWbleby

(B) Therowslabsledaft,~ ,md fwdreferto follo-m:
locationsalongtheshipIeng

.. .. . ..

shinmmbcd mw covsnthemid-lem?th 6.Tension
gth.Themid- 6.Sheq iL.meglect

12.Mi8u8s/Abu8s
thr~u~houttheentirecargosection: 7.CombinedTension& Bhear 13.Questionable

(C) Thenwnbsn 1.2.S & 4inthecolumnfor 8.Design 14.HeavyBe-
nship 15.Collision

andbucklsqandtwlstsd/distorted,respectively. lu.wekmng 16.Other-SeeD~lon
fafhusmoderefertocrocks,buckles,crseka 9.Fabrication/Workma!.. .....

A-22
..
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TABLE A-2 DETAIL FAMILY : TRIPPING BRACKETS

LQCATION ON SHIP No. of No. of

- I
Total Percent Dstail Failure Failure

Sound Failed Number Failures Family Mode Cause
SHIP TYPE E+X5ails Details Details Number

Observed Observed Observed
Fwd 10

Tanker x 1;: 170 2-B-11
Aft 20 20 Q

.-

Bulk F&
Carrier E 30 30 2-B-12

Aft 30 30 g
Fwd 10 10

Naval m 30 30 2-B-12
Aft 20 20
Fti

Tanker m 821 29 850 3.4 2-B-12 1 8,13
Aft 50 50
Fwd

Tanker R 50 50 2-B-13
Aft 1

COntainer- Fwd
ship m 20 20 2-B-14

Aft n

Fwd 99 1 100 1.0 1 15
Tanker m 20 20 2-B-15

Aft 40 40

FW3 20 ~ — — — — +

Naval n 140 140 2-B-16
Aft 50 50

COntainer- Fwd
ship m 114 114 2-B-17

Aft 10 10 m

COntalner- Fwd
ship m f“J 2 62 3.2 2-B-lB 1 8,14

Aft +
Cm_itainer- M 10 10
ship x 99 1 100 1.7 2-B-19 1

Aft 20 20
13 A

Container- Fwd
ship m 30 30 2-C-1

Aft L
-.

Fwd
Tanker m 360 360 2-c-1

Aft
M

Tanker E 30 10 40 25.o 2-c-2 1 8

Aft &
COntalner- F~ -b

ship m 20 20 2-C-3

Aft b
Bulk Fwd
Carrier

a 65
65 2-c-4

Aft K

A-23



TABLE A-2 DETAIL FAMILY , TRIPPING BFACKETS

LGC.ATIONON SHIP No. of No. of Total Percent

==11 r

Sound Failed Number Failures
D6tails Details Details

t Observed Observed Observed
Combination Fwd
Carrier E ‘9 1 70 1.4

Aft
COntainer- Fwd
ship ~ 1005 72 1077 6.7

Aft
General Fwd

Cargo M 44s 12 460 2.6
Aft

COntainer- Fwd
ship m 329 3 332 0.9

Aft
Bulk Fwd

Carrier m 164 6 170 3.5
Aft

COntainer- Fwd
ship m 14s 14 162 8.6

Aft
Fwd

Tanker a ‘8 2 20 10.0
Aft

Bulk Fwd

Carrier m 1606 S3 1689 4.9

if;
Container - Fwd
ship x 956 92 1048 8.8

Aft
General Fwd
Cargo N ‘3 1 64 1.6

Aft
Bulk Fwd

Carrier a 74 74

(B)

(c)

]etail Failure Failure
?amily Mode Cause
Oxnber

2-c-4 1
14 L

2-c-4 1 :7,10,11,.
14)

2-C-4 1,4 /10,11,
14,15) ~

2-C-5
I

1
I
14,15 Ill

2-c-6 1,4 7,15

“g

2-C-6 1 B,1O

2-c-6 2 12

2-C-7 1 :7,8,10,
14)

+

2-c-7 1,4 [7,10,
11,14)

2-C-8 1 7,14

,+

2-C-8 1,4 [8,10,
14,15)

2-C-8 4 15

2-c-9

,ILlAftI I I I
NOTS8:
(A)The●bovecontinuedtablegivs#information (D)Probabledetailfdurscausmus dbnatedtoM

rslat.adtsindividualdetsi2d~im Intbe86 acombinationoffatigueandtheotherfact-ma
shipN?vay. Indkd.sdinthetableby●ppropriatensmk.enaI
Therow#2s6aledaft,~ ,andfwdreferto follow-x
locationsalongthe*hiplength.Themid- 5.8hsar
ddp wmbol rowcoversthemid-length

11,N@ect
6.Tension 12.MkmuafAbusm

thrsugbouttbeentkrscargossction. 7.CombinedTendon& Shsu 18.Qsectiomb2s
Thenumbsm 1,2,~& 4 inthecolumnfor 8.Design 14.HemY SW
failursmoderefertosracks,bucklsqcracks 9.Fabrication/Workmancbip16.CcdNdon
andbuckk,andtwistsd/distortsd,l’S8pSCtiVeb. 10.Welding 16.Otbsr-BoaDka?udon

A-24
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TABLE A-2 DETAIL FAMILY : TRIPPING B8ACKETS

IAft I I
General Fwd
Cargo E 4

Aft
Bulk Fwa

Carrier E 60
Aft

Ganeral Fwd
Cargo ~ 1116 196

Aft
COntainer- Fwd
ship. m 103 5

Aft
General F!@
Cargo m 37 3

Aft
Ganeral Fwd
Cargo E 40 60

Aft
Bulk Fwd
Carrier m 16

Aft
General Fwd
Cargo m 61 9

Aft
Fwd 10

Naval a 30
Aft 10
Fwd 160

=i!&
Naval a ’20

Aft 10
COntainer- Fw4
ship m 175 L2

Aft
General Fwd

*

Total
Number
Details
Observe[

170

4

60

1312

108

40

100

16

70

10
30
10

160
800
310
10
10

-----%
20
10

187

1567

178

Percent Detail Failure Failure
~ailures Family Mode Cause

Number

0.6 2-C-9 1 14
A

J!

2-C-9

2-c-lo
n“

14.9 2-C-11 1,4

~-4

[9,11,
15,16)

4.6 2-C-12 1 14

— *

7.5 2-C-12 1 11

60.0 2-c-13 1
I ‘2 la

2-C-14
n

12.9 2-c-14 1 11

–LA--L-P
2-c-16 I lb+, , 1

t

2-c-17

,

2-c-18

6.4 2-C-19 1 (7,10,

~ Q

+-

11,16)

20.3 2-c-19 1,4 7,12,

15,16)

33.7 2-C-20 1,2,4

7- ~

10,11,15 -

A-25



TA8Lc A-2 DETAIL FAMILY , TRIPPING BRACKSTS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed

General
Cargo Ayt 562 38 600 6.3 2-C-20 1,4 (11,12,

,B15,16) ~_
-..s

Contaner - r-
ship ~ 78 11 I 89 I 12.4 2-C-21 1

I Im11,15 ~
aG+ #-A

G ~
-. .

tiulk Fwd

Carrier m 75 1 76 1.3 2-c-22 1 7,11
Aft

COntainer- F~
ship m 100 5 105 4.8 2-C-22 1 7,11 J

Aft

General Fwd

Cargo m 43 9 52 17.3 2-c-23 1 7,8,16
Aft b

Bulk Fwd

Carrier m 228 228 2-C-24
Aft Q

COntainer- F~
ship a 627 69 696 9.9 2-c-25 2,4 14,15

Aft

General Fwd

Cargo w 50 50 2-c-25
Aft

General Fwd

Cargo E 99 30 129 23.2 2-C-26 1,4 (10,11,
14,15)Aft

General Fwd

Cargo n 68 50 118 42.4 2-c-27 1

f

7,8,14 .
Aft

COntainer- Fwd

ship M 222 18 240 7.5 2-C-28 3,4

t

12,15 ‘*
Aft

General Fwd

Cargo m 107 3 110 2.7 2-C-294 15
Aft

,-

,,

NOTES :
(A)

(B)

(c)

I’heabovecontinuedtablegtv=information (D)Probabledetailfati.reea.= areestimatedtobe
relatedtoindividualdetaildesignsinthe86 acombinationoffatigueandtheotherfactors
shipsurvey. indicafedintbetablebyappropriatenumbm M
Therowolabeledaft,~ ,andfwdreferto follows:
Iocatiomalongtheshiplength.Themid- 6.Shear 11.Neglect
#hipsymbolrowcoversthemid-length 6.Tension 12.Mimwe/Abuse
throughouttheentirecargosection. 7.CombinedTension&Shear 1S.Questionable
Thenumb.?m1,2,S & 4inthecolumnfor 8. Design 14.HeavySeas
failuremoderefertocracks,buckles,cmclu 9.Fabrication/Workmamhip16.CoUi#ion
md buckles,andtwisted/distorted,respectively. 10.Welding 16.Other.SeeDisamsion
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TABLE A-3 DETAIL FAMILY : NON-TIGHT COLLARS

.
LOCATION ON SHIP No. of NO. of Total Percent Detail Failure Failure

“1
Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Number
Observed Observed Observed

Combination Fwd 130 130
Carrier m 1200 1200 3-A-1

Aft 1s0 180
T

Bulk Fwd 50 50
ICarrier E 260 26o 3-A-2

Aft 70 70
COntainer- l?wd 10 10 A

ship a 100 100 3-A-2
Aft 50 50

General Fwd
Cargo E 6B 68 3-A-2

Aft
Fwd 20 20

Tanker n 90 90 3-A-2
Aft 40 40

IContainer - Fwd
Iship m 212 212 3-A-3

Aft 30 30 ~

General Fwd
~Cargo E 204 204 3-A-3

i Aft
Fwd 25 5 30 16.7 2

ITanker M 110 110 3-A-3 15 ~
Aft

~COntainer- Fwd 20 20
-.

Iship m 200 200 3-A-4
Aft 50 50

~Buk

~cirier
; 207

207 3-A-5
Aft Q

COntamer- Fwd 90 90
ship ~ 1700 1700 3-A-5

120
-A

Aft 120
~Bulk Fwd 10 10
Carrier m 3-A-6

Aft 10 10 T

COntainer- Fwd 10 10
ship a 110 110 3-A-6

Aft 30 30

Container- Fwd

m 4::
30 -

ship 48B 3-A-7
Aft 50 50

T

Bulk Fwd

Carrier m 41 41 3-A-B
Aft T

— —.
m

Tanker E “J
Aft 40 40 3-A-8

A-27
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TABLE A-3 DETAIL FAMIL!f, NON-TIGHT COLLAF.S

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

- /

Sound Failed Number Failures Family Mode Cause
sHIP TYPE Details Details Details Number

Observed Observed Observed
Bulk Fwd

Carrier E
Aft 60 60 3-A-9

Container- Fti
ship m

Aft 4rJ 40 3-A-1O
General Fwd 10 10
Cargo m 3-A-11

Aft 10 10
Fwd 160 160

Naval m 1200 1200 3-A-11
Aft 320 320
Fwd 10 10

Tanker m 3-A-11
Aft 30 30

COntainer- Fwd 40
ship a 2:: 200

Aft 513
3-A-12

50
Fwd 20 20

E-H-%-l . .
20

100 3-A-13
Aft 40 40

Container - Fwd

ship M 70 70 3-A-14
Aft

General Fwd
Cargo E

Aft 58 2 60 3.3 3-A-15 1 9
Bulk Fwd
Carrier x 66 2 68 2.9 3-A-16 1 10

Aft
COntainer- Fwd
ship s

Aft 30 30 3-A-16
Container - Fwd

ship n 58 2 60 3.3 3-A-17 1 9
Aft

NOTES :
(A)Theabovscontinuedtablegivcainformation (D)Probabledetailfailurecausesme estimatedtOk

AatsdtoindividualdetsUd~w inthe86
shipSu?vsy.

acombhmtionoffatigueandtheotherfactors
indicatsdinthetdblebyappropristsnumhsm ss

Therow Iabsledsft,~ ,sndfwdreferh follows:
Iocstiomslongthe@hiplength.Themid- 5.Sheal 11.Neglect

shipsymbolrowcovetsthemid-length 6.Tension 12.Misuss/Abuss
throughouttheentirecargoasction. 7.CombinedTension&Shesr 1S.Qusstionsble
Thentunbsm1,2,9& 4 inthecolumnfor 8.Design 14.HssvySeas
failuremoderefertocracks,bucklss,cracks 9.FabricationiWorkmamhip15.Colliiion
sndbuckles,andtwistedldhtorted,rscpsctivsly. 10.Welding 16.Other-SeeDxussiol

(B)

(c)

II 100
“n I

A-28
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TABLE A-3 DETAIL FAMILY : NON-TIGHT COLLARS

SHIP TYPE

Ganeral
Cargo

Bulk
Carrier

COntainer-
ship

Bulk
Carrier

COntainer-
ship

Bulk
Carrier

Bulk
Carrier

COntainer-
ship

COntainer-
ship

COntainer-
ship

Bulk
Carrier

Combination
Carrier

General
Cargo

Tanker

Tanker

M
Aft 68 2 70 2.9
Fwd

m 228 228
Aft
Fwd

%1 84 84
Aft
Fwd

m 47 47
Aft
Fwd

E 120 120
Aft
Fwd

m 104 104
Aft
Fwd

m 104 104
Aft
F&

a 261 3 264 1.1
Aft

mid 90
~ 13:: 1340
Aft 300 300
Fvd 140 140
~ 1200 1200
Aft 380 38o
Fwd

ti

Detail Failure Failure

Family Mode Cause
Number

3A17-- 1 9

3-A-18

3-A-18

3-A-19

3-A-20

3----t-
3-A-24 II

TF3-A-25 1 9,10

I-B-1

=t--t--

A-29

.. .

E
I-B-2

I-B-3
—

3-B-4

3-B-5

E
TE3
TrJ

P
-u
-1

T

-u-

m

—



TABLE A-3 DETAIL FAMIL1’, NON-TIGHT COLLARS

(B)

(c]

LOCATION ON SHIP NO. of NO. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

“ Observed Observed Observed
Bulk Fwd 30 30
Carrier ~ 260 260 3-B-6

Aft 90
m

90
Bulk Fwd
Carrier m 200 200 3-B-7

T
Aft

COntainer- Fwd
ship ~ 103 103 3-B-7

Aft
Bulk Fwd

-.

Carrier ~ 500 500 3-B-8
Aft P

Fwd
Tanker m 80 80 3-C-1 m

Aft
Bulk Fwd
Carrier m 9’ 96 3-c-2 -uJ-

Aft
Combination Fwd A

Carrier a
Aft 110 110 3-C-2

Container - Fwd
ship A~t 28 28 3-c-2

Bulk Fwd 180 180
Carrier a 990 990 3-C-3 ~

Aft 302 8 310 2.6 1 13

Miscella- Fwd 20 20
neous m 3-C-4

Aft 20 20 T

Fwd 80 80
Naval n 300 300 3-c-5

Aft v

Fwd 160 160
Naval N 700 700 3-C-6

m
Aft 320 320

COntainer- Fwd
ship a 50 50 3-C-7 m

Aft
NOTES: ●

(A)Theabovsconti.usdtablegivsainformation (D)probabledetailfsil.rses.= us =Nmatsdtobe
relatedm Indkidualdetfida intbe86
ddpWrvsy.

acombinationoffstigueandtheotherfactors
indicatedIntbetsblebyapprop?istsnumbsm M

Therowslabsledaft,~ ,andfwdrsferto fouowl:
locationsalongtheshiplength.Themid- 6.Sbeas 11.Neglsct

#hipsymbolrowcovsnthemid-length 6.Tension 12.MimuslAbum
tlmugbouttheentirecargomection. 7.CambinedTendon& Shear 1S.Questionable
Thenumbsm 1,2,S & 4 inthecolumnfor 8.Design 14.Hemy 8eaa
failursmode?sfertocracks,bucldss,cracks 9.F.brication/Worknmnsbip16.CoUidon
andbuckles,andtwktsd/distorted,rqsctivsly. 10.Welding 16.Other-SssDiscussion
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TABLE A-3 DETAIL FAMILY: NoN-TIGHT COLLARS

LOCATION ON SHIP NO. of No, of Total Percent

“ “~

Sound
Detaii Failure Failure

Failed
SHIP TYPE Nwer ,Failures Family Mode CauseDstaila Details Details Number

Observed Observed Observed
General
Cargo Xl 30

Aft
30 3-c-7

m
F&

E 1::
30

Naval
150

Aft 60
3-c-8

60 m
Fwd 213

20
Naval a 70 70 3-c-9

Aft 20 20

-~.

Bulk Fwd
Carrier m 80 80 3-c-lo

Aft w
General Fwd
cargo w

Aft 56 4 60
cOntainer- ~ 18

6.7 3-c-lo 1
2 20

9

ship m
10.0 3-C-n 1 9

Aft
Miscella- ~ 57

T.
3 60 5.0

neous
E 140

2
140

15
3-C-12 /

Aft 50
Bulk Fwd

50 T

Carrier m 21 21 3-C-13
Aft m

General Fd
Cargo m 76 76 3-C-14

Aft m
,

Bulk M
Carrier a 24 24 3-C-15

Aft
container- ~ m‘

ship E 60 60 3-c-16
Aft

. D ......‘

TABLE A-4 DETAIL FAMILY : TIGHT COLLARS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘1

Sound Failed
SHIP TYPE

Number Failures Family MOde CauseDetails Details Details NumberObserved Observed Observed
Bulk Fwd

Z 3::
30

Carrier
304 4-A-1

Aft 90 90

A-31.. .,



TABLE A-4 DETAIL FAMILY , TIGHT COLLARS

nCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I
Sound Failed Number Failures Family Mode Cause

;HIP TYPE Details Details Details Number

-Observed Observed Observed

combination F~ 210 210

:arrier m 1100 1100 4-A-1
m

Aft 290 290

Bulk Fwd

carrier m 19 19 4-A-2 T
Aft

Combination Fwd 30 30

Carrier M 220 220 4-A-2

Aft 70 70

Bulk Fwd

Carrier m 56 56 4-A-3 m’
Aft

combination F~ 40 40

Carrier m 300 300 4-A-3

Aft 90 90 . .

General Fwd

Cargo m 50 5 55 9.1 4-A-3 1 11

Aft

General FWd

Cargo a Z4 24 4-A-4
w

Aft
Fwd 80 4-A-4

Tanker a 80
Aft

Bulk Fwd

Carrier. m 21 21 4-A-5 T
Aft

Container - Fwd 10 A

ship n ‘0
4-A-5

Aft 120 120

General Fd

Cargo B 24 24 4-A-5

Aft
Fwd 20 20

Tanker 1la 200 2;0 4-A-5 -1

IAft 50 50

Bulk Fwd 60

‘m 60445 445 4-A-6 m
.,?L - 90

ICarrier I

(B)

(c)

I IA.cI Yu
NOTES :
(A)Theabovecontinuedtablegivesinformation

datedtoindividualdetaifde~igminthe86
shipSWV9Y.

The rows labeledaft,Q ,andfwdreferto
locationsalonethechipIengtb.Themid-
tiipsymbolr;wcoversthemid-length
throughouttheentirecargosection.
Thenumkm 1,2,3& 4 inthecolumnfor
failuremode refertocrackc,buckle%cracks
andbuckles,andtwisted/distotied,respectively.

(D)Probabledetailfailurecause#areectinmtedtobe
acombinationoffatigueandtheotherfdom
indtcatedinthetablebyappropriatenumbem u
eollowx
5.Shear 11.Neglect
6.Tension 12.Mi8uw/Abm
7.CombinedTension&Shear 1S.Questionable
S. Design 14.HeavySeas
9.Fabrication/Workmanship16.Cdliiion
10.Welding 16.Other-SeeDiiumiOB
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TmL& A-4 DETAIL FANILYs TIGHT COLn~

LOCATION ON SHIP No. of No. of

● 1.

Total Percent Detail Failure FailureSound Failed
SHIP TYPE

Number Failures FamiJ.YMOde CauseDetails Details Details Number
Observed Observed Observed

Combination Fwd

xl 2::
50

Carrier
Aft

210
20

4-A-6
120 x’

COntainer- Fwd 20
ship n 420

4-A-6Aft so
so

General Fwd — — — — — — .

A?. 5;: 40
20

Cargo
634

50
6.3 4-A-6 3,4 11,15

50
Miscella- Fwd

m 1;:
40

neous
1s0 4-A-6Aft so

Fwd 90
so
90

Tenker w
Aft

4-A-6
100

Bulk F!@
100

carrier m 100 100 4-A-7
Aft

container- F@ —___ — —.. —.,
ship m 90 90 4-A-7

Aft
combination w

n 40
40

carrier 210 210
Aft

4-A-8
60

Bulk
60 T

FWd
Carrier m 64 64 4-A-9

Aft m
combination F@ ..—._ _
Carrier m 130 b

130 4-A-9
Aft

General Fwd 30 30-
Cargo m 34 34 4-A-9

Aft
Fwd 30 T

Tanker a
T-A-=iTj — ‘“

Aft
Bulk

w
Fwd . .—

Carrier m 2B 2s 4-A-11
Aft m ~

Container- Fti
ship E g0

.“

S41 841 4-A-11
Aft 170 170 I

A-33
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TABLE A-4 DETAIL FAMILY : TIGHT COLLARS

(B)

(c)

i

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘ I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE . Datails Details Details NtuUber

Observed Observed Observed

Container - ~ I

ship m 128 12s 4-A-12 m’
Aft

General Fwd 30

Cargo w 3:: 396 4-A-12
Aft 80 80

COntainer- Fwd

E 2;:

30

ship 250 4-A-13 m
Aft 60 Q . .

General Fwd

Cargo m 34 34 4-A-13
Aft
Fwd zo 20

Tanker x 4-A-13
Aft 30 30
Fwd 20 20

Tanker m 4-A-14 m
Aft 30 30

Combination F~ 10

Carrier B 10 4-B-1 w
Aft 40 40

COntainer- ~ d
ship m

Aft 20 20 4-B-1

Bulk Fwd

Carrier m 50 50 4-B-2
wAft

COntainer- Fwd 20

ship m 20373 373 4-B-2
Aft 10 10

Container - F~ 50

ship E 50200 200 4-B-3
wAft 80 80

General FWd

Cargo E 115 115 4-B-3
Aft
Fwd 300 300

Naval E 1200 1200 4-B-3 -
Aft 600

NOTBS:
600 6

(A)Theabovscontinuedtablegivsoinformation (D)ProbabledetsNfail.rscausssus sstinmtedtobs
rslatndh individualdetd desigmiUthe86 acombinationoffatigueandtheotherfactom

indicatedinthetablebyapproprktsnumbersu
follows:
5.Shear 11.Neglsct
6.Tendon 12.Mimus/AbuM
7.Combmed Tension&Shear 1S.Questionable
8. Design 14.Hsmy Seu
9.Fabrication/Workmanship16.Collision
10.Welding 16.Other-SssD~~i~

shipsurvey.
Therowmlabeledsft,~ ,sndfwdrsfsrto
Iocstiomslongtheshiplength.Themid-
shipsymbolrowcoversthemid-}ength
throughouttbeentirecargosection.
The nwnbm 1,2,3& 4inthecolumnfor
faihusmode refertomack$,buckles,ascb
sndbuckls+andtwistsd/distortad,remectively.

** ~‘ .L,..
A-34’”
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TABLE A-4 DETAIL FANILY: TIGHT COL~W

LCKATION ON SHIP No. of m. of Total

‘~ o

Percent Detail Failure Failure
Sound Failed Ntier Failures Family Mode Cause

SHIP TYPE . Details Details Details Number
bserved Observed Observed

m 1::
20

Naval 100
Aft

4-B-4
30 30

w

Fwd

n 3::
60

Naval 300 4-B-5
Aft ~ol)

m

Fwd

Naval n 30 30 4-B-6
Aft
F@

E 3::
60

Naval 300
Aft

4-B-7
100 100

Fwd
Naval N

Aft 20 20 4-B-8
v

Bulk M
Carrier m 1s 18 4-c-1

Aft
111$

Container - Pwd
—

4
Bhip m 112 1 113 0.9 4-c-1 2

Aft
13,16

General Fwd 10 10
Cargo m 40 40 4-c-1

Aft 30 30
COntainer- Fwd
ship m 100 100 4-c-2

Aft
COntainer- Fwd 120 120

..-

ship m 4-C-3 w
Aft
M

—

Tanker m
Aft 40 40 4-c-4 m

Fwd
Tanker m

Aft 40 40
T

Bulk
4-c-5

Fwd 10 10
Carrier a 300 300 4-c-6

Aft 50 50
Bulk Fti
Carrier = 62 62 4-c-7

Aft
~’

Bulk Fwd
—

Carrier m 192 192 4-D-1

Aft
Fwd 50

Tanker ~ 10:: 1000 4-D-1 J

Aft 180 180

A-35 “
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TASLE A-4 DETAIL FAMILY : TIGHT COLLARS

ILOCATION ON SHIPINo . of !No. of !Total IPercent IDetain Failure Failure I

- I
Sound Failed Number Failures Family Mode Cause

SHIP TYPE “ Details Details Details Number
Observed Observed Observed

Miscella- Fwd
neous M 200 200 4-D-2

Aft
Fwd 20

Tanker ~ 29% 2900 4-D-2 Au ,

Aft 240 240

Container - Fti
ship E 500 500 4-D-3

Aft
Fwd

Tanker ~ 1100 1100 4-D-4 L
Aft 80 80

TABLE A-5 DETAIL FAMILY . GUNWALE CONNECTIONS

LOCATION ON SHIP NO. of No. of Total Percent Detail Failure Failure

1

Sound Failed Number FaiIures Family Mode Cause
SHIP TYPE Datails Details Details Number

Observed Observed Observed

3ulk Fwd

Carrier m 6 6 5-A-1
Aft +

COntainer- Fwd

ship m 5 1 6 16.7 5-A-1 2 15,16

Aft

General Fwd

Cargo E 14 14 5-A-1
Aft

Fwd — — — — — ‘ —
Tanker m 10 10 5-A-1

Aft

COntainer- Fwd

ship a ‘ 2 5-A-2
Aft

NOTES :
&

(A)Theabovscontinuedtablegivesinformation (D)Probabledetailfsil.rscauseaam estimatedtobe
rslatedh individualdetaildesignsinthe86
shipmrvsy.

acombinationoffatigueandtheotherfact-m
indicatedinthetablebyappropriatenumbsm M

(B) TherowsIabsledaft,~ ,andfwdrsferto follows:
locationsalongtheshiplength.Themid- 6.Shear 11.Neglact
SMpsymbolrowcovsntbemid-length 6.Tension 12.Misuse/Abtws
throughouttheentirecargosection. 7.CombinedTension& Shear 1.9.Quedionable

(C) Thenumbert1,2,8& 4inthecolumnfor 6.Design 14.HeavySew
failursmode refertocrscks,buckles,crscks 9.Fabrication/Workmaiubip15.CoUKIon
andbucldas,andttited/dutorted,respectively. 10.Welding 16.Other-SeeDiwunioI



TA8LE A-5 DETAIL FAMILY : GONWAW co~cT~~Ns

IKK!ATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I
Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details ‘ Number
Observed Observed Observed

COntainer- Fwd
ship M 4 4 5-A-3

Aft

General Fwd

Cargo E 2 2 5-A-3
Aft

COntainer- Fwd

ship m .2 2 5-A-4
Aft .+
Fwd

Naval E 6 6 5-A-5
Aft -r

General Fwd

Cargo m 4 4
Aft

5-A-6
.,F

Bulk Fwd

Carrier m 4 4 5-A-7 2

Aft

Combination Fwd
Carrier E 4 4 5-A-7 —

Aft

General Fwd

cargo m 6 6
Aft

5-A-7

scella- Fwd

neous m 2 2 5-A-7
—

Aft
Fwd

Tanker a 6 2 8 25.0
Aft

5-A-7 2 12,15

Bulk Fwd
Carrier a 4 4

Aft
5-A-8

,5
Combination Fwd
carrier a 2 2

Aft
5-A-9

e

General Fwd
Cargo m 4 4 5-A-9

Aft

‘Tanker
Fwd

m 2 2 5-A-9
Aft

~

neral Fwd
rgo m 2 2 5-A-1O

Aft P

K“l :: 2 2 5-A-11
$===

A-37 .:..+
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T~LE A-5 DETAIL FAI.llL~, GUNNALE CONNECTIONS

LOCATION ON SHIP No. of No. of Total i‘<

1 [ .Sound ma;ld Numbe

Naval

F-+
Bulk
Carr:

Bulk Fti

Carrier M
Af{

Cofiination FWI
Carr:.- luf

~served observed

i 2
2

I

5-A-12
.--------

Aft
Fwd

M ‘
2

.
5-A-12

Aft
Fwd

E 2
2

ier
5-A-13

T
Aft

i
10 10 5-B-1

q
t
i

- 4 4
LL==

5-B-1

Aft
Fwd

Tanker m4
4 5-B-1

Aft
FWd

Naval E“
4 5-B-2

r
Aft

General Fwd

cargo B2
2 5-B-3

r
Aft

Container- Fwd

m4
4

ship
5-B-4

6-
Aft
Fwd

Naval m’
2 5-B-4

Aft

container - Fwd

m 10
10

ship
5-B-5

r
Aft

container- Fwd

ship N2
2 5-B-6

.&
Aft
-. , +

Naval ria’1 121,-
lAftI I I I I 1 b

(D)probabledetailfailurecaw areestimatedtO~

,e~~Qeslgns,x.,8s.v“ acombinationoffatigueandtheotherfactom
indicatedinthetablebyappropriatenumbersu

(B)

(c)

Noms :
(A)Theabovecontinuedtablegivesinformation f~,atidto*nd,tidudd, --. -:-–-:-.!-.ne

shipsurvey.
Therowshbeledaft,~,mdfwdmfer~

follows:

lc..xtionsalongtheshiplen~h.Thernid-
6. Shear

11.Neglect

6.Tension 12.MiwelAbw

IhlpWbol rOwcO,Vel !ble

throughouttbeentwecargosecclOn. u

ne nWbem 1,2,8& 4 inthecolumnfor
f~urenmderefertoticks,”-’-’--‘-’-

.-l-.:.......lfi

andbucki=,mdtwistad/du.v..=u,...r.........

,mthemid-length,... ;:Cc.mbmedTemion&Shem 1S.QuedioMl
8. Design 14. lleawS~

9, F~bric.tion/WorkmaNhiP 16. Colliiion
,DUCK=%.K..- 10.Welding

16.Other-S* .J”....-.-
...4.4-...=,?f,”elv.
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TABLE A-5 DETAIL FAMILY : GUNWALE CONNECTIONS

LOCATION ON SHIP No. of m. of Total Percent Detail Failure Failure

‘1
Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Number
Observed Observed Observed

COntainer- Fwd
ship m 2 2 5-B-7

Aft Q-

1Bulk
Carrier .’; 4 4

Aft
5-B-8

“k

,Container- Fwd
ship . A?. 16 16 5-B-8

Niscella- Fwd
neous m 0 2 2 100.0 5-B-8 2

Aft

12,15

Fwd
Tanker m ‘2 2

a+=+
5-B-8

TABLE A-6 DETAIL FANILY : KNIFE EDGES

LOCATION ON SHIP No. of NO. .of Total Percent

I
Detail Failure Failure

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Oetails Number

Observed Observed Observed
Bulk Fwd
Carrier x

Aft
Combination Fwd
Carrier z

Aft

COntainer- Fwd
ship x

No m ;FE EDGE I:ROSSINGS

Aft
OBSER 7ED IN TX ! SURVEY

General Fwd
Cargo m

Aft

Miscella- Fwd

neous m
Aft
Fwd

Naval m
Aft
M

Tanker @
Aft

- A-39



TABLE A-7 DETAIL FAMILY : MIScELLANEolJs cLITOuTs

ship W 61J
Aft 20
Fwd lo

Tanker m 40
Aft

Bulk Fwd

Carrier M lB
Aft
Fwd 3(3

Naval w 90
Aft

Bulk Fwd

Carrier m 1;:
n+=+ .,-1

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

- I

Sound Failed Number Failures Family Mode Cause

;HIP TYPE .Details Details Details Number
Observed Observed Observed

F@ lo 10
95 7-A-1 –+–

1---- -- I 10

container- F~ 50 50 A

60 7-A-1
20
10
40 7-A-1
10

I

COntainer-
i;xi ;;

I pp-

*

ship a 933
Aft 90

General Fwd

Cargo m 45
Aft
Fwd

Naval m 4::

30
90 7-A-2
60
20

143 7-A-3 ---

30
90 4

933 7-A-3
90

==i?tTi
Carrier /j

+

45

60
450 t-Ett-H

I 100 I I
10

120 7-A-3
1-.. .“ 20

combination IF~ 20 20
ix 70 70 7-A-4 -+-
,ft _+n 30

10 +

A.. , --

COntainer- Fwd 10
ship N 65 65 7-A-4 d

Aft 10 10
Bulk M 10 10
Carrier a 7-A-5

Aft 10 10 ,n

(B)

(c)

NOTES :
(A)Theabovecontinuedtsbl.givesinformation (D)Frobabledetailfsilurecaus.mareestimatedtobe

AM toindividualdetdld-in the86
shipmrvey.

acombinationoffatigueandtheotherfactors
indicetsdinthetsblebyapproprktsnumbsm M

Themm Iabsledaft,~ ,andfwdreferto follows:
locatiomalongtheshiplength.Themid- 6.Shem 11.Neglsct

shipsymbolrowcoventhemid-length 6.Te.?mien 12.Mi8uw/Abu=

throughouttheentirecargosection. 7.CombinedTension&Shssr 1S.Questionable

Thenumben 1,2,S& 4 inthecolumnfor S.Desigb 14.HeavySeAS

failursmodersfertocracks,buckh,asoh 9.Fabrication/Workmanship16.CoUKIon

andhucklsa,andtwistsd/distort4MIWCtiVdY. 10.Welding 16.Other-SssD-Ion
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TABLE A-7 DETAIL FAMILY : MISCELLANEOUS CIJTOUTS

LOCATION Otl-SiiI.PNo. of No. of Total Percent Detail Failure Failure

.- 1.
Sound Failed Number Failures Family Mode Cause

SHIP TYPE “ Deteile Details Detail$ Number
Obeerved Observed Observed

COntainer- Fw-d

Xl 1;;
10

ship 197 7-A-5
Aft 10 10 n-
Fti 10

m 10
10

Naval 10 7-A-5
Aft 10 10

Bulk Fwd lIJ 10
Carrier n 34

“ g

_-

34 7-A-6
Aft 10

—+—

10
COntainer- Fwd 40

-,

40
abip E 97 2 99 2:.0 7-A-6 1

Aft 40
7,14

40
General F@
Cargo m 3 3 7-A-6

Aft
Fwd 10 10

Tanker n 7-A-6
Aft 20 20

Bulk M lo 10
Carrier

m 7-A-7
Aft 10 10 ~

COntainer- Fwd 20 20
ahip n 7-A-7

Aft 30 30
Bulk FM 30 30

q

,./
carrier m 10 10 7-A-8

Aft 30 30
combination Fwd 20

m 20
20

Carrier 20 7-A-8
Aft 313 30

cOntainer- Fwd 20 20
ship m 64 6 70 8.6 7-A-S

Aft 413
1 7,14

40 “
General Fwd 10 10
Csrgo m 17 17 7-A-8

Aft 20 20
Miscellq- Fwd 10 10
neous m 10 10 7-A-8

Aft 20 20
FW3 30 30

Neval ‘“”~ 175 5 1s0 2.8 7-A-8
Aft 40

4 14,16

FW3

m 1%
30

Ttier 150 7-A-S A
Aft 6(J
Fwd

60
General
CaT.gQ n 32 8 40 20.0 7-A-9 1 7,8,14

Q

/!’
Aft 10 10

., ,.-. A-41



TABLE A-7 DETAIL FAMILY : MISCELLANEOUS CUTOUTS

I.CXZATIONON SHIP NO. Of NO. of Total Percent Detail Failure Failure

“ I

Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Number

Observed Observed Observed

COntainer- ~ 10 10

ship m 7-A-1O
Aft 10 10

General Fwd — 9

Cargo m Z3 1 24 4.2 7-A-1O 1 5,11

Aft
Fwd 20 20

Tanker m 7-A-1O A

Aft 20 20

Combination ~
Carrier m 30 30 7-A-11 [D

Aft
.

Fvfd

Naval a ‘ 4 10 40.0 7-A-111 7,s

Aft
FWd 17 3 20 15.0 7-A-111 7,s,9

Tanker m
Aft

Sulk FWd

Carrier a 4 4 7-A-12
c1

Aft

Combination ~ d 10 10

Carrier ~ 60 60 7-A-12
Aft 30 30

COntainer- - 30 30

ship n 70 70 7-A-12
Aft 50 50

General Et.?d

Cargo m 35 38 7-A-12

Aft
FWd

Naval ~ 10 10 7-A-12

Aft 10 10
Fwd 10 10

Tanker R 7-A-12
Aft 10 10

COntainer- ~d
ship m 14 14 7-A-13

Aft
NOTE&
(A)Theabovecontinuedtablegive#information (D)Probabledetailfailure-S am a~d ~ ~

mlatadtoindividualdetaild-iw inthe86 ● combinationoffatigueandtheotherfact-m
indkatsdimthetablebyapprop?latinumben u

(B) % %’%tibdedaft,~’, md *d refer~ fouoww
locationsalongthechipIengtb.Tbemid- S.Shsar 11.Neglect

shipsymbolrowcoversthemid-length 6.Tension 12.Miwe/Abtua

tkeughouttheentirecargosection. 7.combinedTendon& Shsar 19.Questionable

(C) Thenumhen 1,2,S & 4inthecolumnfor 8.Dedgn 14.HeavySeu

fdhusmode refer to cmcb, buckh cracb 9.Fabrication/WorkmaMhip1s.CCdlkion

andbucldeqendtwi#tsd/dMotid,l’S8WtiVdY. 10.Welding 16.Other-BeeDl#cudm
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TABLS A.7 DETAIL FAMILY : MISCELLANEOUS CUTOUTS

LOCATION ON SHIP No. of

‘1

No. of Total Percent
Sound Detail Failure Faj.lUre

Failed
SHIP TYPE

Number, Failures Family Mode CauseOeteils Details Deteils Number
Observed Observed Observed

COntainer- ~ so

m 92 ~
50ship

Aft
100

1on
8.o 7-B-1 1

100
g,~~ T

General Fwd
LCargo m 1::

40
100

Aft 90 7-B-1

Fwd
90

a 6;;
30

Tanker

Aft
600

120
7-B-1

3ulk Fwd
17n

A~t 11%
70:arrier

1170
200

7-B+
200 T

\

combination F@ 100
:arrier ~ 900

100
900 7-B-2Aft 200 200

:ontainer- Fwd 150
hip A~t 1000

150
1000

300 7-B-2
300

eneral Fwd
argo a 9:;

60

Aft 92o
1on 00

7-B-2

Fwd
ival m 12:: .20 70 161220

Aft 8CI 7-B-2 1,2
80 11,16

FWd

Amft 5::
70?inker

500 7-B-2
50

Ilk FWd
50

E 10::
30irrier

Aft
1000

150
7-B-3

150
retainer- M
lip A?~ 344:

40 A
340

70
7-B-3

Miscella- Fwd
70

120 120neous
m 1300
Aft

1300 7-B-3300
Fwd

300
120 120

Naval m 600 600 7-B-3Aft 220
Fwd

220
8 0 80Tanker m 5400

Aft
5400

00 7-B-3

Container- Fwd
ship Ayt 300 300 7-B-4 0
General Fwd
cargo E 80

Aft
80 7-B-5 ~

,, . ...!
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TABLE A-7 DETAIL E’AMILY: MISCELLANEOUS CUTOUTS

LoCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

. Sound Failsd Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed

Bulk Fwd 40 40
Carrier m 572 572 7-c-1

Aft 70 70

Combination F~ 80
Carrier w :: 60 7-c-1

Aft W-1
COntainer- F~

~3t ;;: 31
90

ship 812 3.s 7-C-1 1 (.7,9
110 14.*

General F@ 70 70
Cargo ~ 980 980 7-c-1

Aft 74 16 90 17.8 1 9
Miscella- F~ 60 60
neoua % 80 80 7-C-1

Aft 60 60
Fwd 80 80

Naval n 200 200 7-C-1
Aft 60 60
Fwd 90 90

Tanker ~ 2586 14 2600 .5 7-c-1 1 8
Aft 200 200

COntainer- Fwd 20 20
ship M 100 100 7-c-2

Aft .20 20
Miscella- Fwd zo 20
neous z 7-c-2

Aft 20 20
Bulk Fwd

Carrier a 36 36 7-c-3
Aft

Combination F@ 210 210
Carrier m 900 900 7-c-3

Aft 180 18.0

COntainer- Fwd 70 70
ship ,E 502 10 512 2.0 7-C-3 1 11

Aft 68 2 70 2.9 1 11

General Fwd
Cargo x 38 38 7-C-3

Aft 80
NOTES:

80

(A)Theabevscontinuedfablegivs#information (D)Probabledetailfailursca.ssmaree@natedtoba
mktadtoindividuddeti de~iu~inthe86 acombinationoffatigueandtheotherfimtom
rhipmrvey. indicatsdinthetablebyappropriatenumbsm w

(B) Therowslabeledaft,~ ,sndfwdreferto follow:
loeeti.nuafongtheshiplength.Themid- 6.Shear 11.Neglsct

shipsymbolrowcovsnthemid-length 6.Ten#ion 12.Mimss/Abuw

throughouttheentirecanp#setion. 7.Combmed Tension&Sheax 13.Qudionable

(C) Thenumbsm 1,2,S & 4inthecolumnfor 8. Design 14.Heavy8eaa

fdluramode rsfertocracks,buckles,crach 9.Fabrication/Workmanship15.C0Ui9i0n

andbuckles,andtwisted/dutorted,respectively. 10.Welding 16.Other-SeeDi8cuuion
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TA8LE A-7 DETAIL FANILY : MISCELLANEOUS CUTOUTS

lQCATIOti ON SHIP No. of NO. of Total Percent Detail Failure Failure

“ 1.

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed
Fwd
m 16%

90
Tanker 1600 7-c-3

Aft 90 90
Bulk Fwd

Carrier m 4 4
Aft

7-c-4

COntainer- Fwd

ship E 199 1 200 .5 7-C-4
Aft

1 11,14

Fwd 200

E 2000
200

Naval 2000 7-c-4
Aft 400 400

ZOntainer- Fwd
ship m 150 150 7-C-5

Aft

Seneral FW3

;argo A+t 40 40 7-c-6
20 20

3ulk M

;arrier A~t 1228 1228 7-C-7

20mbination Fwd 70

*xlt 110
70

>arrier 110 7-c-7
60 60

General Fwd
Cargo ~t 30 30 7-C-7

Miscella= Fwd

E ::
20

neous
Aft

50 7-c-.7

COntainer- Fwd 30 30
ship m 7-C-8

Aft 150 150
Zeneral Fwd 20

Cargo a
20

Aft 20
7-c-8

20
Bulk Fwd 70 70
Carrier m3 526 3526 7-C-9

Aft 120 120
20ntainer- Fwd
ship m 80 80 7-C-9

Aft
Fwd 96 4 100 4.0

?aval m 1491 9
1 11

1500 .7 7-c-9
Aft 196 4

1
200

11
2.0 1 15

Fwd4 00 400
ranker al 6000 16000 7-c-9

Aft 1000 1000
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TA8LE A-7 DETAIL FAMILk : MISCELLANEOUS CUTOUTS

LOCATION ON SHIP No. of No. of imn+al

I

Sound
~a:,->

sHIP TYPE “ Oetails De’
observed Ob

COntainer- FW

ship M
Aft

I

7-C-11
Combination F~ 10 10

carr~~y

n

w

rCentshiE

w.percent Detail Failure Fa~lu~e

;181210
?d

---
A~t

.ainer-

A

Fwd

) m
Aft 20 20 7-C-11

mal Fwd

Cargo n 10
10 7-C-11

Aft
20.0 7-c-121 8

COmbinatiOn ~ 8 2 10 !

m
~

Carrier
Aft

Bulk FWd

Carrier ~ 356 356 7-c-13 -$-

Aft 4
d

1 70 70 7-c-13

:tR-
container- FW

ship m
Af
Fwd 800

Naval m 2000
Aft 1100
Fwd 40

Nav.1 w

E
1--1-

8WU
2000

40

I 7-C-13 I r
I 1100 I I 1 , I I

1 7-C-14 I,. .
A~t 30 30 I

Fwd
~ 126 126

--——.
7-C-15

Aft 40 40 +

combination F~

Carrier m
7-C-15

Aft 60 60

container- Fwd 20 20

~ 759 19 778 2.4 7-C-151 7,11

ship
Aft 180 180

General Fwd 10 10

Cargo ~ 477 1 478 0.2 7-c-151 9,11

Aft 40 40 +

NOTS8:
(A)me ●bovecontinued&ablegiveshIfO~atiOn

(D)Probabledetailffdlumca.seaareestimatidk be

mktedtiindlviduddetailde*i@ Intbe86
acombinationoffatigueandtheotherfactum
fidicatadinthetablebyapproptiknum~m -

(B)

(c)

chipmlrveY.
‘ITW~0~ labeledaft,m, andfwd=fer~
Iocatiomalongthehip length.Themid-
shipsymbolrowcoventhemid-length
throughouttheentirecargosection.
Thenumbm 1,2,S& 4 inthecolumnfor
failuremode refertocrach,buc~es,-c~
~d buckles,andtwitted/dubtied,-P~VelY.

follows:
& Shear

11.Neglect

6.Tension 12.Muuse/Abuw

I.CombinedTension&Shear 1S.Qu=tiomble
S.Design 14.Hanw S-
9,F.brication/WorkmamhiP16.Couidon

10.Welding
16. Other-SeeDWUM
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TABLEA-7 DETAILFAMILl,MISCELLANEOUSCUTOUTS

LOCATIONONSHIPNo.of No.of Total PercentDetailFailureFailure

~ 1

Sound FailedNumberFailuresFamilyMode Cause
SHIPTYPE DetailsDetailsDetails Number

ObservedObservedObserved
Container-Fwd 40 40
ship m 7-D-3

Aft 60 60
Bulk Fwd 10 10
Carrier E 20 20 7-D-4

Aft 10
Container-Fwd 20 20
ship m 30 30 7-D-4

Aft 30
General Fwd 50 50
Cargo m 7-D-4

Aft 80 80
Container-Fwd
ship a 24 24 7-D-5

Aft
Fwd
B 12%

40
Tanker 1200 7-D-5

Aft 80 80
Bulk Fwd 50
Carrier m 8;; 812 7-E-1

180
CombinationFwd

a 12::
40

Carri’er 1200 7-E-1
Aft 120 120

Container-Fwd 80 80
ship ~ 804 4 808 0.5 7-E-1 1 7,14

Aft 300 300
General Fwd
Cargo ~ 446 446 7-E-1

Aft
Miscella-Fwd 70 70
neous ~ 200 200 7-E-1

Aft 170 170
Fwd 800 800

Naval ~ 5000 5000 7-E-1
Aft1200 1200
Fwd 140 140

Tanker ~ 5410 9(3 5500 1.6 7-E-1 1 8,16
Aft 700 700 ,

NflTli!S .. . - . -- .
(A)

(B)

(c)

‘“ Theabovecontinuedtablegivesinformation
relatedtoindividualdetaildeSig~inthe86
shipsurvey.
Therowslabeledaft,~ , andfwdreferto
Iocatiomalongtheshiplength,Themid-
shipsymbolrowcoverathemid-length
throughouttheentirecargoaection.
Thenumbere1,2,3&4 inthecolumnfor
failuremoderefertocracks,buckles,cracks
andbuckles,andtwisted/distorted,respectively.

—

—

—

—

(D)Probabledetailfaiiurecauaeaareestimatedtobe
acombinationoffatigueandtheotherfactors
indicatedinthetablebyappropriatenumbersas
follows:
5. Shear 11. Neglect
6. Tension 12. Mauae/Abuw
7. CombinedTension&Shear19. Queationabie
8. Design 14. HeavySeaa
9. Fabrication/Workmanship15. Collision
10.Welding 16. Other-SeeDiecuIM
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TABLE A-7 DETAIL FAMILY : MIsCEL~NEO”s cuT.uTs

LIXATXON ON SHIP NO. of NO. of Total Percent Oetail Failure Failure

‘ I o

Souod Feiled Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

bserved Observed Observed
M~scella-

E ;:

10
neous 30 7-C-15

Aft 20 20
-h_

Fwd 10 10
Naval E ’20 20 7-C-15

Aft 10 10
Fwd 300 300

Tanker m 8000 8000 7-C-15
Aft 800 800

Bulk Fwd

Carrier m 673 673 7-c-16
Aft

COntainer- Fwd
~+

ship ~ 21;; 3 40 ().12175 7-c-16 1 11
Aft 80 80

General Fwd
Cargo ~ 1417 17 1434 1.2 7-c-16 1 11

Aft

COntaimer- =
ship ~ 300 3O(I 7<-17

Aft 80 80 _h-

Fwd
Naval m 70 70 7?C4.7

Aft

COntqiner- Fwd
ship m 84 84 7<-18

Aft
A

Fwd
Nqyal m 78 2 80 2;.5 7m.J8 1 10

Aft
m

Savql x 613 6.o 7*.19
Aft 10 &

Container- F~

ship ~3x 269 269 7Kh.20

Sulk Fwd

Caxr$er m 116 116 7-D-1
Aft m ~1

COntaj.ner. -
Ship 3X 2% 1 20 0.4280 7-D-1 1 14

Aft 50 50
Fwd

A~t 1::
10

I’anker 2 120 1.7 7-D-l 1 14
40 40

Sulk Fwd 20 20
Cexri.er E 80 80.

m

?
7-D-2

Aft 104 16 120 13,3
..

1 9,10,13

A-47
--



TABLE A-7 DETAIL FANILY : MISCELLANEOUS CUTOUTS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘~

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Detsils Details’ Number

Observed Observed Observed
Bulk 20
Carrier m 1:; 173 7-E-2 oqO-

Aft 40 40 ,/+84
Combination Fwd
Carrier m 4;; 65 20500 13.0 7-E-2 2,3 8,14

Aft 30 30
COntainer- Fwd

m 4:;
20

ship 496 7-E-2
Aft 30

General Fwd

Cargo m 46 46 7-E-2
Aft
Fwd 20

Tanker a 3:: 300 7-E-2
Aft 40 40

Bulk Fwd

m 1$:
20

Carrier 7 203 3.4 7-F-1 1 9J1O,11 :Iz
Aft 50 50

Combination Fud 20 20 4

Carrier m 60 60 7-F-1
Aft 4(J 40

COntainer- ~
ship ~~t 12:: 11 13:: 0.8 7@nl 1 (8,9

120 190 1~
General Fwd

m 5::
20

Cargo 2 595 0.3 7-F-1
Aft 60

1 6,11
60

Miscella- Fwd 10 10
neous m 60 60 7-F-1

Aft 40 40
Fwd 10 10

Naval m 80 so 7-F-1
Aft 60 60
Fw3 10

Tanker m 2:: 220 7-F-1
Aft 159 1 160 0.6 1 8,9

Bulk Fwd 10
Carrier m 1:: 150 7-F-2 4—+=

Aft 50 50 1-

COn&inatiOn F~

m 1::
20 A

Carrier 150 7-F-2
Aft 60 60

COntainer- -
Ayt 1::

20
ship 145 7-F-2

115 5 120 4.2 1 10
Gsneral Fwd
Cargo

10
~ 1;: 121 7-F-2 -

Aft sob 80
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TA8LE A-7 DETAIL FAMiLk: MISCELLANEOUS CUTOUTS

I.cCATIONON SHIP No. of No. of Total Percent

I

Sound Failed Number Failures

SHIP TYPE Details Details Details
Observed Observed Observed

Miscella- - 10 10
neous x 90 90

Aft 40 40
Fwd 20 20

Naval m 600 600
Aft 90 90
Fwd 20 20

Tanker W 120 120
Aft 140 140

Bulk Fwd lo 10
Carrier m 51 1 52 1.9

Aft 2(3 20
Combination Fwd 10 10
Carrier s 30 30

Aft 40 40
COntainer- Fwd 2,0 20
ship m 102 1 103 1.0

Aft 50 50
General Fwd

Cargo ~ 30 30
Aft 20 20

‘Miscella- Fwd
neous m 10 10

Aft 10 10
Fwd 20 20

Naval M 200 200
Aft 50 50
Fwd 10 10

Tanker n 50 50
Aft 3s 2 40 5.0

f- Fwd

Jltl
Aft 10 10
IFwd I I I I

a—)etail Failure Failure

‘amily Mode Cause
lumber

7-F-2 A—+=
1-

7-F-2

7-F-2 I I P
7-F-3 1 7,8,14 -!+-

A

7-F-3

7-F-3 1 10

7-F-3

7-F-3

7-F-3

7-F-3
1 10

7-F-4 Q

7-F-4

x

--
-.

7-F-5 1 8,9
Tanker a

Aft 8 2 10 20.0
NOTES:
(A)Tbeabovscontinuedtablegivesinformation (D)Probabledetailfailursca.se#-e estimatedtobs

mlatsdtoindividualdetailde- intbe86 acombinationof fatigue andtheotherfactors
shipmrvsy. indicatedinthetablebyappropriatenumbersM

(B) Themm Iabsleds%~ ,sndfwdref=t.a follows:
Iocationcslog theshiplength.The mid- 6.Shesr 11.Neglect

shipspmbolrowcoventhemid-length 6.Tension 12.Mimua/Abuw

tbrougbouttheentirecargonection. 7.CombinedTension& Sbesr 19.Questionable

(C) Thenumben 1,2,3& 4 intbecolumnfor S. Design 14.HesvYSew

faifuremode refertocracks,bucWes,c?soks 9.Fabrication/Workmanship15.Collision

sndbucklss,sndtwhtsd/distortsd,respsctivsly. 10.Welding 16.Otbrx-SeeDit.cunion
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TABLE A-1’ DETAIL FAMILY : MISCELLANEOUS CUTOUTS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

“ I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed
COntainer- Fwd
ship x

Aft 30 30
0

7-F-6
General Fwd 4

Cargo a
Aft 10 10 7-F-6

Miscella- Fwd

neous a
Aft 10 10 7-F-6
Fwd

Naval m 50 50 7-F-6
Aft 50 50
Fwd

Tanker w
Aft 30 30 7-F-6

Bulk H
Carrier m 95 1 96 1.0 7-F-7 1 10 L

Aft
COntainer- F%d
ship E 124 124 7-F-8 e

Aft
General Fwd
Cargo = 40 40 7-F-8

Aft
Bulk Fwd
Carrier m 97 97 7-G-1

Aft 40
+!–

40
Combination Fwd 4
Carrier a 10 10 7-G-1

Aft 40 40
COntainer- Pwd
ship m : 2 30 6.7 7-G-1 1 10

Aft 60
General Fwd
Cargo m ;: 10 7-G-1

Aft 20
M1scella- Fwd
neous w 10 10 7-G-1

Aft 20 20
Fwd 100 100

Naval = 200 200 7-G-1
Aft 200 200
Fwd

Tanker m 150 150 7-G-1 A

Aft 200 200
Bulk Fwd

Carrier m 10 10 7-G-2
Aft 50 50

0
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TABLE A-7 DETAIL FANILY , MISCELLANEOUS CUTOUTS

LoCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause

SHIP TYPE . Details Details Details Number
Observed Observed Observed

Combination F~
Carrier M 150 150 l-G-2

Aft 250 250
COntainer- Fwd
ship m 50 50 7-G-2

Aft 90 90

General Fwd

Cargo m 10 10 7-G-2
Aft 30

Miscella- F~
neous m 40 40 7-G-2

Aft 40 40
Fwd 60

Naval a 2:: 200 7-G-2
Aft 20 7?0
Fwd

Tanker m 10 10 7-G-2
Aft 6(3 60

Bulk Fwd 20
Carrier a 3:: 5 305 1.6 7-G-3 1 9,10

Aft 3(30 300
Combination FWd

w 2::

30
Carrier 200 7-G-3

(B)

(c)

Aft 600 600
COntainer- ~d 40
ship z 3:: 1 333 0.3 7-G-3 1 7,14

Aft 500 500
General Fwd ,20 20
Cargo E 95 95 7-G-3

Aft 80 80
14iscella- F~ 10 10
neous a 30 30 7-G-3

Aft 70 70
Fwd 500 500

Nava1 E 1800 1800 7-G-3
Aft 2197 3 2200 ,.1 1 78
Fwd 50

Tanker E 2;: 200 7-G-3
Aft 2W 1 300

NOTE8 :
.3 1 10

(A)TIMabovscontinuedtablegiveninformation (D)Probabledetailfailureca.wssreestimatedtobe
rddsdtoindividualdetd de~igmintbe86 acombinationoffatigueandtbeotherfacton
shipsurvey. indicatedinthetsblebyappropriatenumbem M
Therowslsbeledsft,~ ,sndfwdreferto follows:
Iocstionsalongtheshiplength.Themid- 6.Shear 11.Neglect

abipsymbolrowcovsnthemid-length 6.Tension 12.Mimus/Abw

throughouttbeentkecargosection. 7.CombinedTension& Shesr 13.Qu-tionsble

Thenumbem 1,2,8& 4 inthecolumnfor S. Denign 14. HeavySSM

failursmode rsfertocrocks,buckles,crocks 9.Fabrication/Workmanship15.CoUiiiOn

andbucldss,sndtwfsted/dwtorted,respectively. 10.Welding 16.Other-SeeDiscu-iOn,
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TABLE A-1 DETAIL FAMILY : MISCELLANEOUS CUTOUTS

LOCATION ON SHIP No. of No. of Total Percent

‘1
Detail Failure Failure

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

, Observed Observed Observed
COntainer- Fwd

ship m 20 20 7-G-4
Aft

Bulk Fwd 10

n 20
10

carrier 20 7-G-5
Aft 3Q

~~Combination F~
Carrier x

Aft 20 20 7-G-5

COntainer- Fwd
ship E

Aft 80 so 7-G-5

General Fwd

Cargo n 100 100 7-G-5
Aft Z(l 20

Miscella- Fwd
neous m

Aft 20 20 7-G-5 . .
Fwd

Tanker m
Aft 60 60 7-G-5

Bulk Fwd 300 300
Carrier m 3915 4 3919 0!1 7-H-1 1

Aft 600
9,14 ~-

600
Combi.nation Fwd 366 34 400 S.5 1 4

m 1878 22
8,10,15

Carxier 1900 1.1 7-H-1 1
Aft 894

10,13,15 —
6 900 0.7 1 10,11

Container- Fwd 271 29 300 9.7 1
ship n 9032 54

14,15
9086 0.6 7-H-1 1

Aft 884
9,12,14 —

16 900 1.8 1 9,10,14
General F@ 900 900

E 8721 59
(9,10,11,

Cargo S780 0.7 7-H-1 1 12,14
Aft 1300 1300 15)

Miscella- Fwd 300 300
neous n 1500 1500 7-H-1

Aft &oo 400
Fwd

Naval ~ 7:: 3 60800 0.4 7-H-1 1 15
Aft 200 200
Fwd 597 600
~ 646S 3;

0.5 1 5,15
Tanker 65oO 0.5 7-H-1 1 5,7,8,9 —

Aft 1700 1700

Bulk Fwd
Carrier ~ 845 845 7-H-2 ~

Aft

Combination M 120 120
Carrier n 700 700 7-H-2

Aft 200 200
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TABLE A-7 DETAIL FAMII.,k, MISCELLANEOUS CUTOUTS

—
LCCATION ON SHIP No. of No. of Total Percent Detail

I

Sound Failed Number Failures Family
SHIP TYPE Details Details Details Nunber

Observed Observed Observed

COntainer- ~
ship m S6 S6 7-H-2

Aft

General Fwd

Cargo m SS5 1 S56 0.1 7-H-2
Aft
Fwd 100 100

Naval m 900 900 7-H-2
Aft 300 300

COntainer- Fwd 100 100
ship m S89 8 S97 0.9 7-H-3

Aft 200 200
General Fwd
Cargo ~ 19 1 20 5.0 7-H-3

Aft
Fwd 200 200

Naval n 1200 1200 7-H-3
Aft 19s 2 200 1.0
Fwd 20 20

Tanker ~ 30 30 7-H-3
Aft 20 20

Bulk Fwd
Carrier M 1s 1s 7-H-4

Aft
Fwd

Tanker ~ 1200 1200 7-H-4
Aft

Bulk Fwd 260 40 300 13.3
Carrier ~ 4s00 4s00 7-H-5

Aft 7s4 16 Soo 2.0
COntainer- Fwd 600 600
ship ~ 2600 2600 7-H-5

Aft 1200 1200
Miscella- Fwd 600 600
neous ~ 2600 2600 7-H-5

Aft 1200 1200
Fwd 60 60

(B)

(c)

31
‘ailure Failure
lode Cause

t

1 10

A

1 9,10

1,2 15

—

1 5,14,15

1 14

A

Tanker ~ 1400 1400 7-H-5
Aft 140 140

NOTES:
(A)Theabovecontinuedtablegivesinformation (D)Probabledetailfailurecausaoareeatima~dtob

relatedb individualdetsildo intbe86 a combinationoffetigueendtheotherfactom
ddpWrve.y. indicatadintbetablebyappropriatenumbersa8
Themwa labeledaft,~ ,andfwdreferto fouows:
loeationaalongtheshiplength.Themid- 6.Shear 11.Neglect
shipsymbolrowCOV- themid-length 6.Tension 12.Misum/Abuss
throughouttheentiicargosection. 7. CombinedTension&Shear 12.Qudionable
Thentunben1,2,S & 4 inthecolumnfor 8.Desi@I 14.HeavySeU
failuremode refertoemcks,buckk,cmclu 9.Fabrication/WorkmamhIp1S.C0Ui8i0n
andbuckles,andtwist8d/distorted,*SwtiVdY. 10.Welding 16.Other-SeeDiwuuioI
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TA8LE A-7 DETAIL FAMILY : MISCELLANEOUS CUTOUTS

I#XATION ON SHIP NQ. of No. of Total Percent Detail Failure Failure

‘~

Sound Failed Number F~ilures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed

500

Ayt 10000
500

Tanker 10000 7-H-6
—

800 800
Bulk Fwd
Carrier m 170 170 7-H-7

aG+. i
d

L 20 20 7.
+

-. A
COntainer- FM A

ship m -H-7
Af. ,

General Fwd
Cargo E 1323 1323

Aft 79 1 80 1.2 1 8.12
Fwd

Tanker m 600 600 7-H-7
Aft 50 50

Bulk Fwd 40 40 7-H-8
Carrier w -1

Aft
General Fwd i

Cargo ~ 104 104 7-H-8
Aft
Fwd 30

Tanker m 4;: 400 7-H-8
Aft 60 60

Bulk Fwd 200 200
Carrier m 1466 1466 7-H-9 y

Aft 400 400
Combir.atier, Fwd 2C0 20(? A

Carrier ~ 7(2C 7C0 7...9-9
Aft 300 300

COntainer- Fwd 1800 1800
ship m 12804 35 12839 0.3 7-H-9 1

Aft 3000
(.7,9

3000 in.~
General Fwd 500 500
Cargo ~ 6802 21 6823 0.3 7-H-9 1 5,8,10

Aft 1000 1000

Miscella. Fwd 300 300
neous ~ 1500 1500 7-H-9

Aft 700 700

Fwd 1000 1000
Naval m 7000 7000 7-H-9

Aft 2000 2000
Fwd 20(30 2000

Tanker ~ 25000 25000 7-H-9
Aft 4000 4000

Bulk Fwd 200 200
Carrier @. 2345 2345 7-H-1O Y

Aft 500 500
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TABLE A-7 DETAIL FAMILY : MISCELLANEOUS CUTOUTS

LoCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

-1 Z:, S:. :%:. ‘ai’ures = ‘ode cause
d 400 400

3000 7-H-1O

800
400 A

4 3272 0.1 7-H-1O 1 9,10

Aft 900 900

General Fwd 200 200

Cargo w 1458 26 1484 1.8 7-H-1O 1 10,12

Aft 400 400

Miscella- Fwd 100 100

neous IU 300 300 7-H-1O

Aft 100 100

Fwd 400 400

Naval m 2800 2800 7-H-1O

Aft 800

Fwd 200

Tanker a 2500

*’3 ‘ 14‘21”4‘7-H-11’

800
200

2500 7-H-1O

IAft I 500 500

Container- IFwd [ I
1

10 *

1 10 10.0 7-H-11 ~ ~ ,

[AftI

Coribination ~d
m

3 50 6.0 7-H-12 1 13 +

10 7-H-12
100

;1
50 7-H-12

.-

Tanker 39t
50

Bulk Fwd

Carrier N 12 12 24 50.0 7-H-13
Aft

Bulk Fwd

Carrier N 32 32 7-H-14
Aft

NOTE8:
(A)Tbe●bovscontinuedtablegivssinformation (D)Fmbabledetailfdl.ticausess?ssstimatedtok

relatedtoindividualdetaild~w intbe86
SMD—.

acombinationoffatigueandtheotherfact.am
indicatsdintbetablsbyappropriatenumbsm u

(B) Tb~rom hsled aft,~ ,md fwdrsfsrto follows:
10UUOM alongtbeshiplengthT%emid- 5.8bear 11.Ns@ct
Alpsymbolrowcow tbemid-length 6.Tendon 12.Mi8unlAbw
tiuougbouttbeentirecdrgomction. 7.Combmed Ten#ion& Sbeu 18.

(C) Tbenumben 1,2,S& 4 intbecolumnfor 8.- 14.
fdlursmoderefertocracks,bucklss,craclm 9.Fabrication/Workmsnsbip15.

andbuckles,andWkted\distotted,HpSCtiVdY. 10.welding 16.

Quwtbiubb
Hwy 64U
CcdwiOn
other-SW Dimu8km
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TABLE A-8 DETAIL FANILY : CLEARANCE CUTOUTS

IfXATION ON SHIP No. of No. of Total Percent

“I

Detail Failure Failure
Sound Failed Number Failures Family Mode Cause

SHIP TYPE De~lls Details Details Number
Observed Observed Observed

General Fwd
Cargo m 234 36 27o 13.3 8-A-1 1

Aft
8 T

COntainer- Fwd 150 150

m
8-A-2

ship
Aft Ul

Bulk Fwd
Carrier m 75 75 8-A-3

Aft
-UJ.

COntainer- Fwd
ship m 177 177 8-A-3

Aft
Bulk Fwd 150 150
Carrier IEI 345 345 8-B-1

Aft T
COntainer- Fwd
ship m

Aft 100 100 8-B-1
General Fwd
Cargo E 6 6 8-B-1

Aft
Combination M
Carrier E 19 1 20 5.0 8-B-2 1

Aft
8,9 ~

Container - Fti A
ship E 166 1 167 0.6 8-B-2 1 9

Aft 39 1 40 2.5 1 9
General Fwd
Cargo m ‘3 73 8-B-2

Aft 100 100

F@ 150 1~- — — ‘ —
Tanker ~ 1958 22 1980 1.0 8-B-2 1,2

Aft
8,11,12 —

496 4 500 0.8 1 8
Container - Fwd
ship m 12 12 8-B-3

Aft
T

General Fwd 4
Cargo m 224 224 8-B-3

Aft 50 50
Fwd

Tanker m 2400 2400 8-B-3
Aft 100 100

Bulk Fwd
-carrier m 8-B-4

Aft 40 40 u

Fwd
Naval m

Aft 70 70 8-B-5 T ,

A-57

.+



TABLE A-8 DETAIL FAMILk : CLEAF.ANCE CUTOUTS

LOCATION ON SHIP No. of NO. of Total

I

Sound Failed Number
SHIP TYPE Oatails Details Details

Observed Observed Observed

cOntainer- Fwd

ship m
Aft 188 2 190

Bulk Fwd
Carrier M 40 40

Aft
COntainer- Fwd
ship m 15 15

Aft
Fwd 80 80

Tanker m
Aft

Container - Fwd
ship m 15 15

Aft

General Fwd

Cargo m 56 56
Aft
Fwd 300 300

Tanker a 628 72 700
Aft 70 70

Bulk F@

Carrier a 12 2 14
Aft

COntainer- Fwd 300 300
ship ~ 1100 1100

Aft 59 1 60
General Fwd
Cargo J2 39 39

Aft
COntainer- Fwd 100 100

ship x
Aft

General Fwd

Cargo m 73 73
Aft

COntainer- F~

m 4?: :
70

ship 417
Aft fi<n

NOTES:
650

Percent Detail Failure
Failures Family Mode

Number

I I

1.1 8-B-6 1
I I
8-B-7

I
18-C-1 ]

++

8-c-1

8-c-2

8-c-2

10.3 8-C-2 1

TF
1.7 1

8-c-3

8-c-4

I I

Ziaz

Failure
Cause

1-u
5,10 t

0

#

T

_IJr

~
14

T7-11

---l-JT

1“1° T_
(A)The●bovecontinuedtablegivesinformation (D)Probabledetellfsihecaweaareestimatedtobe

rehtedtoindividualdetailde~imuinthe86 acombinationoffatigueandtbeotherfmtom

(B)

[c)

8bipmr?eg.
Therom labeledaft,~ ,andfwdreferta
Ioestiomalongtheshiplength.Themid-
#hipsymbolrowcoversthemid-length
tkrougbouttheentirecargosection.
Tbenwnbm 1,2,S& 4 intbecolumnfor
failuremode refertocracks,buckles,cracks
andbuckles,andtwkted/dutorted,respectively.

indicatedintbetable-byappropriatenumbem u
follows:
6.Sheaz 11.Neglect
6.Tension 12.Mi8uuMAbtus
7.CombinedTension&Shear 18.Questionable
8.Da8ign 14.HeavySeas
9.Fabrication/Workmanship16.CoUision
10.Welding 16.Other-SeeDiwunion
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TA8LS A-8 DETAIL FANILY : CLEARANCE CUTQUTS

I Aft I

I Fwd I I
Tanker m

Aft 200
Bulk Fwd 400
Carrier ~ 3332

Aft 1100
COntainer- Fwd
ship a 162

Aft
COntainer- Fwd
ship m 278 4

Aft 50
General F@
Cargo ~ 125

Aft
Fwd

Tanker N
Aft 150

COntainer- Fwd
ship m 210

Aft

General Fwd
Cargo m 4Z

Aft
F@ 100

Tanker m 755 45
Aft 150

Bulk Fwd

Carrier m
Aft 80

COntainer- Fwd
ship m

Aft 60
General Fwd
Cargo m

Aft 60
Miscella- Fwd 50

Total Percent Detail Failure Failure
Number Failures Family Mode Cause
Oetails Number
Observed

40
400 8-c-6
40 m

80 8-c-6

-

200 8-C-6
400
3332 8-c-7
1100 T

162 8-c-7

282 1.4 8-D-1 1 9 ~
50

A

125 8-D-1

150 8-D-1

210 8-D-2
~

42 8-D-2

100
800 5.6 8-D-2 1 8,9
150

80 8-D-3
T

60 8-D-3

60 87D-4
T

50
240 8-D-4
100

219 1.8 8-D-5 1 5,8 T
1
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TABLE A-8 DETAIL FANILY , CLEARANCE CUTOUTS

IAXATION ON SHIP No. of No. of Total Percent Detail

~

Sound Failed Number Failures Family
SHIP TYPE Details Details Details Number

Qbserved Observed Observed

General

Cargo m 28 28 8-D-5
Aft
Fwd 170 170

Tanker ~ 1880 120 2000 6.0 8-D-5
Aft 400 400

Bulk Fwd

neous ~ 2100 2100 8-D-6
Aft 300 300
Fwd 60 60

Tanker m 530 70 600 11.7 8-D-6

Aft 60 60
Miscella- Fwd
neous B

Aft 70 70 8-D-8
Fwd

Tanker a 300 300 8-D-8
Aft

COntainer- Fwd
ship m 643 1 644 0.2 8-E-1

Aft
General Fwd 90 90
Cargo m 422 422 8-E-1

T‘ailure Failure
lode Cause

I

+

1 5,B

1 5,8,11,
14)

T1 8,14

I

i=

I

IAf~ I 30 30
Bulk Ipwdl 126 I 14 J 140 I 10.0 I
Carrier ~ 2271 12 2283 0.5 8-E-2

Aft 200 200
NOTEB :
(A)Theabow continuedtablegivesinformation (D)Probabledetailfailurecauseaareestimatedtobe

redatedtoindividualdetailde-in the86 acombinaflonoffatigueandtheotherfmtom
ddpsurvey. indicatedinthetablebyappropriatenumbwx a8

(B) Therowslabeledaft,~ ,andfwdreferto fouovm
Iqtiom alongthe#hiplength.Themid- 5.Shear 11.Neglect
#hipWIIIbC.1rowcoventhemid-length 6.Temion 12.Misu.!s/Abum
throughouttheentirecargoBection. 7.Combined Temion & Shear 18.Qu=tionable

(C) Thenumhem 1,2,8& 4 inthecolumnfor S.Design 14.HeavySeas
failuremoderefertocracks,buckles,cracks 9.Fabrication/Workmanship15.Collision
andbucldeqandtwisted/distorted,respectively. 10.WeMing 16.Other-BeeD-ion

+

1 10

1 ,
1,2 9,11,

14,16)
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TABLE A-8 DETAIL FAMILY : CLEARANCE CUTOUTS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

1

Sound Failed Number ‘ Failures Family Mode Cause

SHIP TYPE Details Details Details Number

Observed Observed Observed

COntainer- F~ 210 210

m 2415
400 y

1ship 1 2416 0.0 8-E-2 1 5,10

Aft 400 t

General Fwd 148 2 150 1.3 1 14

Cargo n 918 918 8-E-2

Aft 300 300

Fwd 110 110

Tanker a 409 11 420 2.6 8-E-2 1 8,14

Aft 90 90

Bulk Fwd

Carrier m 3Z 32 8-E-3

Aft

COntainer- Fwd 100 100
A

ship m 132 132 8-E-3

Aft
Fwd 60 60 8-E-3

Tanker E
Aft

Bulk Fwd

Carrier m 132 132 S-E-4
T

Aft
Fwd 146 150 2.7 1,2

E 2376 2: T
15 _

Tanker 2400 1.0 8-E-5 1,2 5,14
Aft 100 100

Bulk Fwd
Carrier m ,5 .+

Aft 98 2 100 2.0 8-E-6 2

Fwd 229 230 0.4 1 15

Tanker ~ 2484 1: 2500 0.6 8-E-6 2 14,15

Aft 160 160

Combination Fwd 108 12 120 10.0 1,2 8,14

Carrier m 110 110 8-E-7
,%

-*

Aft
COntainer- Fwd 120 120

ship ~ 1500 1500 8-E-8

Aft 200 200 T

Bulk Fwd
Carrier m 43 43 8-E-9 T

Aft

COntainer- Fwd 140 140

ship m 3924 3 3927 0.1 8-E-9 1 10,14

Aft 260 2- _

Bulk Fwd

Carrier m 80 80 8-E-10

Aft

Container - Fwd

ship @- 296 296 8-E-10

Aft
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TABLE A-8 DETAIL FAMILk : CLEARANCE CUTOUTS

LOCATION ON SHIP No. of No. of Total Percent

I [ Sound Failed Number Failures

sHIP TYPE I I !Details ]Details IDetails I
I ~ 10bserved 10bserved 10bserved I

I

Tanker m 920 920
Aft
Fwd

Tanker w 800 800
Aft
IFwd I I I I

Tanker m 1200 1200
Aft

Bulk Fwd
Carrier M 84 84

Aft
Bulk Fwd

Carrier m 240 240
Aft

Detail Failure Failure
Family Mode Cause
Number

8-E-1O

8-E-11

8-E-12

8-E-13

7J-
-r
T

‘TA8LE A-9 DETAIL i“AMILk. STRUCTURAL DECK CUTS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Nvmber Failures Family Mode .Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed

:)Jlk Fwd
Carrier n A..; flc> 9-A-1

Aft o
Combination Fwd A

Carrier m 10 10 9-A-1
Aft

COntainer- Fwd 10 1

ship N 10 10 9-A-1
Aft

General Fwd
Cargo m 10 10 9-A-1

Aft
NOTES ,
(A)Theabovecontinuedfablegivesinformation (D)Probabledetailfailureca.wsus estimatedtobs

rslatsdtoindividualdetaildesiumintbe86
shipsurvey.

acombinationoffatigueandtheotherfactors
indicatsdinthetablebyappropriatenumbsm u

(B) Therowslabeledtit,~ ,sndfwdreferto follow:
IocstionsslongtheshipIengtb.Themid- 6.Shear 11.Neglsct
shipsymbolrowcoversthemid-length 6.Tension 12.Mi,un/Abw
throughouttheentirscargosection. 7.Combmed Tension&Shesr 19.Qusationable

(C) Thenumbzn 1,2,3& 4 inthecolumnfor S.Design 14.HeavySeas
fsilursmaderefertocracks,buckles,crscks 9.Fabrication/Workmanship16.Colliion
andhucldes,andtwlstsd/distorted,respectively. 10.Welding 16.Other-SeeDiccucsion
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TABLE A-9 DETAIL FAMILY : STRUCTURAL DECK CUTS

LJXATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘~

Sound Failed Ntier Failures Family Mode Cause
SHIP TYPE Details Detsils Details Number

Observed Observed Observed

Tanker m 900 900 9-A-1 o
Aft 30 30

Bulk Fwd
Carrier m 14 14 9-A-2

Aft
o

Combination Fwd 20 20 L

Carrier m 10 10 9-A-2
Aft 10 10

COntainer- Fwd 10
ship m :; 12 9-A-2

Aft
General Fwd
Cargo M 50 50 9-A-2

Aft
Miscella- Fwd 10 10
neous m 20 20 9-A-2

Aft 10 10
Fwd 20 20

Tanker a 9-A-2
Aft 40 40

Bulk Fwd 20 20
Carrier n 33 33 9-A-3

Aft 20 20
m

Combination Fwd 20 A

Carrier u :! 40 9-A-3

Aft 20

COntainer- Fwd 20
ship m :! 34 9-A-3

Aft 30

General m
Cargo E 4’ 45 9-A-3

Aft
Fwd 20 20

Tanker m 9-A-3
Aft 59 1 60 1.7 1 8

Combination Fwd
Carrier m 10 10 9-A-4

Aft
D

Fwd A
Naval m

Aft 10 10 9-A-4

Fwd
Tanker m

Aft 10 10 9-A-4
Bulk Fwd
Carrier m 12 12 9-A-5

Aft o.
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TABLE A-9 DETAIL FAMILk , STRUCTUML DECK CUTS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed

Combination Fwd 20
Carrier m :: 9D 9-A-5

Aft 30 30 a

COntainer- Fwd 30 A
ship W 30197 197 9-A-5

Aft 30 30
General Fwd 20
Cargo W :: 49 9-A-5

Aft 30 30
Miscella- Fwd 80
neous M :: 60 9-A-5

Aft 150 150
Combination F~
Carrier m 10 10 9-A-6 n

Aft u

‘iscella-‘‘+dl10 10 9-A-6neous 13
Aft
Fwd

Tanker a 10 10 9-A-6
Aft

Bulk Fwd

m ::

30
Carrier 30 9-A-7

Aft b

Container - Fwd L
ship m

Aft 10 10 9-A-7
Fwd

Tanker E
Aft 10 10 9-A-7
Fwd

Tanker m 250 250 9-A-8
Aft 0

General Fwd 20 20
Cargo m 40 40 9-A-9

Aft 40
0

40
Fwd

Tanker m 60 60 9-A-9
Aft

NOTES :
(A)Theabovecontinuedtablezivesinformation (D)Probabledetailfailurecausmareeathnatedtobe

(B)

(c)

relatedtoindividualdetaildesignsinthe86
*ipmrvey.
Themm labeledaft,~ ,andfwdreferto
locatiomalongthe#hiplength.Themid.
shipsymbolrowcoversthemid-length
throughouttbeentirecargosection,
Thenumb-em1,2,3 & 4 inthecolumnfor
failuremoderefertocracks,buckles,cracks
andbuckles,andtwisted/distorted,respectively.

acombinationoffatigueandtheotherfactorm
indicatedinthetablebyappropriatenumbem u
follcmm:
5.Shear 11.Neglect
6.Tension 12.Misuse/Abuse
7.CombinedTension&Shear 13.Questionable
S. Design 14.HeavySew
9.Fr,brication/Workman.ship15.Collision
10.Welding 16.Other-SeeDiaawsion
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TABLE A-9 DETAIL FAMILY : STRUCTURAL DECK CUTS

IL2CATIONON SHIP NY. of No. of Total Percent Detail Failure Failure

‘ I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Detsils Oetsils Details Number

Observed Observed Observed

Bulk F@ 10 10
Carrier M 61 61 9-B-1

b
Aft 10 10

COnteiner- Fwd
ship n 34 4 38 10.5 9-B-1 1 10

Aft

Gsneral Fwd

Cargo m 18 18 9-B-1
Aft

Miscella- Fwd
neous m 10 10 9-B-1

Aft
Fwd 30

~Naval ~ 1;: 120 9-B-1
Aft 40 40
M 10 10

Tanker m 9-B-1 J

Aft 10 10

Bulk Fwd /

Carrier E 17 8 25 32.0 9-B-2 1
A++

9,11,14
Q /

10 9-B-2Combination ~ 10
Carrier m I

Aft

COntainer- ~ 40 40

ship m 22 22 9-B-2
Aft 10 10

General Fwd

Cargo m 38 38 9-B-2
Aft
F!@ 20 20

Naval m 120 120 9-B-2
Aft 10 10
Fwd 10 10

Tanker m 10 10 9-B-2
Aft 10 10

Combination F~ 10 10

Carrier m 69 1 70 1.4 9-B-3 1
Aft 10 10 8 d

COntainer- - 40

ship m 1:: 145 9-B-3
Aft 20 20

Miscella- Fwd

neous m 20 20 9-B-3
Aft 10 10
Ettd 40 40

Naval E 260 260 9-B-3
Aft 80 80

A-65

.,.



TASLZ A-9 DETAIL .FAMILY, STRUCTURAL DECK CUTS

LOCATION ON SHIPINo. of ]No. of ITotal Ipercent ]Detail IFailurx

1
Sound Failed Number Failures Family Mode

3HIP TYPE Details Details Details Number
Observed Observed Observed

Fwd “ 20 20

ranker m 9-B-3
Aft 40 40

Sulk Fwd

2arrier W 20 20 9-B-4
Aft

Miscella- Fwd 10

neous m :: 10 9-B-4
Aft
Fwd 10 10

Naval M 20 20 9-B-4
Aft
Fwd

Tanker n
Aft 10 10 9-B-4

Bulk. Fwd

Carrier m 46 46 9-B-5

Aft 10 10

Combination Fwd 10 10

Carrier a 20 20 9-B-5

Aft 20 20

COntainer- ~d 80
ship M 80173 173 9-B-5

Aft 90 90

General Fwd 10

Cargo N 10 4242 246 1.6 9-B-5 4
Aft 10 10

Miscella- Fwd 10

neous a :: 10 9-B-5
Aft 10 10
Fwd 60 60

Naval E 300 300 9-B-5
Aft 110 110
Fwd 50 50

Tanker a 50 50 9-B-5
Aft 60 60

Combination ~d
Carrier N 10 10 9-B-6

Aft
NOTES ,------
(A)The●bovscontinuedfablegivsainformation

rslstsdtoindividualdetailde~ieminthe86
shipMlrv9y.

(B) Therom labeledaft.% .andfwdrsfsrto., .—.
Iocstiomalongthezhiplength.Themid-
shipsymbolrowcovsmthemid-length
throughouttheentirscargossction.

(C) Thentunbsn1,2,8& 4 inthecolumnfor
failuremoderefertocracks,buckles,crocks
andbuckls#,andtwbted/dutorted,rsspsctively.

1FailureCause

I
D

312,15
–@=Qj

(D)Probabledetailfail.rsca.seaus estbnatsdtobe
acombinationoffatigueandtheotherfmt.m
indicdsdinthetablebyappropristsnumhrm u
follows:
6.Shear 11.Neglsat
6.Tension 12.Misu8e/Abum
7.CombinedTension&Shesr 18.Questionable
6.Design 14.HeavySea,
9.Fabri@tion/Workmanship16.Collision
10.Welding 16.Other-SeeDkusdon
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TABLE A-9 DETAIL FAMILY : STRUCTURAL DECK CUTS

T
LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I
Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Number
Observed Observed Observed

Container - Fwd
ship m 10 10 9-B-6

Aft
Fwd

Tanker m 7-0 20 9-B-6 — -t

Aft
Fwd

Naval m B
Aft 10 10 9-B-7
Fwd

Tanker 3x&
Aft 10 10

Bulk
9-B-7

Fwd
30 9-C-1

1
30 9-C-1

I
——

Carrier m“” 30 I
Aft

Combination Fwd
Cafirier m 30 I

Aft
Combination Fti
Carrier E 416 ] 10 \ 60.0 19-c-2 I 1 I S 1=

Aft
COntainer- Fwd
ship a 14 I

Aft
Combination Fwd
Carrier n.

Aft
Container- Fwd
ship m 59 I

ZI

Cargo m 16
Aft

I

Bulk IFwd

~.

I
14 9-c-2

I 20 20 9-c-3
P

59 9-c-3

I
I

16 9-c-3

[
I

112 9-c-4

{
F

I 4
Carrier In 100 100 9-c-4

Aft
COntainer- Fwd
ship m 533 1 534 0.2 9-C-4 1 10

Aft
General Fwd
Cargo m 472 4 476 0.s 9-c-4 1,3 10,11,15 —

Aft

Container - Fwd
ship m 10 10 9-C-5

Aft F
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TABLE A-9 DETAIL FAMILY : STRUCTURAL DECK CUTS

LOCATION ON SHIP No. of No. of Total

= I 12:1sIstis1:%:s
Percent

Failures

t Observed Observed Observed

Sulk Fwd

Carrier m 50 50
Aft

COntainer- F~
ship w 30 30

Aft

General Fwd

Cargo E 90 90

Aft
Fwd

Naval m 4~
Aft I 40 -L

m

%

9-c-6

U=’

9-c-6

9-c-6

TABLE A-10 DETAIL l’AMiLk: STANCHION ENDS

LOCATION ON SHIP No. of No. of

- I

Sound Failed
SHIP TYPE Details Details

Observed Observed

Combination Fwd

carrier M
Aft 10

COntainer- Fwd

ship B 8 2
Aft 14 6

Container - Fwd 1
ship M ;:

Aft 20

General Fwd

Cargo m 20
Aft 20

Miscella- Fwd

neous m 13050

Total

Number

Details
Observed

10

10
20

100
20
20
20

20
50

130
60

Percent Detail Failure Failure
Failures Family Mode Cause

Number

1O-A-1 b

20.0 )0-A-1 1 8,10

~0-A-2 I I 1>

‘v-’ I I I-J
[ lAftI 60 I
NOTES :
(A)Theabovecontinuedtablegivesinformation (D)Probabledetailfailurecauwoareestimatedtoba

datedtoindividualdetaildefigminthe86 acombinationoffatkueandtheotherfactam
tipsurvey.

(B) Therowslabeledaft,~ ,andfwdreferto
loadiomalongtheddp length.Themid-
8hiPsymbolrowcovemthemid-length
throughouttheentirecargosection.

(C) Thenwnbm 1,2,9& 4 inthecolumnfor
failuremaderefertocracks,buckles,cracks
andbuckk,andtwisted/dmtort@d,reswc~VeIY.

indbtadinthetable-byappropriatenumbem u
follow:
6.Shear 11.Neglect
6.Tension 12.Mi8umlAbt!se
7. CombinedTension&Shear 19.Questionable
6.Design 14.HeavySW
9.Fabrication/Worknwmhip16.Collidm
10.Welding 16.Other-SeeDiacuuion
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TABLE A-10 DETAIL FANILY: STANCHION ENDS

I,J
1O-A-5

T

LOCATION ON SHIP NO. of No. of Total Percent Detail Failure Failure

I
Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Ntier
Observed Observed Observed

Fwd

m ::
20

Tanker 10 1O-A-2
Aft 20 20 v

Miscella- Fwd
neous m

Aft 10 10 1O-A-3
Fwd 50 50

Naval E 150 150 1O-A-3
Aft 30 30
Fwd 20 20

Naval m 70 70 1O-A-4 r
Aft 20 20

Container - Fwd

m 20

20
ship

Aft
Fwd 20 20

Tanker m 1O-A-5
Aft 20 20

Bulk Fwd
Carrier E

Aft 20 20 lo-A-6 T’
Bulk Fwd
Carrier m

Aft 10 10 1O-A-7 T
Combination Fwd

m 20
20

Carrier 1O-A-7
Aft 20 20
Fwd

Tanker a
Aft 20 20 1O-A-8 r

Bulk Fwd
Carrier m

Aft 10 10 1O-A-9 T
Fwd

Naval a 20 20 1O-A-9
Aft 20 20

20mbinati0n Fwd
Carrier m

Aft 10 10 1O-A-1C T
Seneral Fwd
:argo E

Aft 10 10 1O-A-1C
Fwd 10 10

faval m 1O-A-lC
Aft 20 20

20mbinati0n Fwd 20 20
;arrier a 1O-A-11

Aft 10 10 Y
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TASLE A-10 DETAIL FAMILk , STANCHION ENDS

LOCATION ON SHIP No. of No. Of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Number

Observed Observed Observed

Combination Fwd 40 40
Carrier M 1O-A-12

Aft 40 40
COntainer- Fwd 10 10 1O-A-12
ship m

Aft
General Fwd 10 10
Cargo m 26 36 62 5s.1 1O-A-12 1,4 12

Aft 10 10
Miscella- Fwd 30 30
neous M 1O-A-12

Aft 10 10
Fwd 130 130

Tanker m 1O-A-12
Aft 20 20

COntainer- Fwd
ship a

Aft 10 10 1O-A-13
Miscella- Fwd 10 10 1O-A-14
neous a

Aft
Fwd

Tanker m 10 10 1O-A-14
Aft

Container - Fwd

ship n 10 10 1O-A-15
Aft

General Fwd
Cargo B S3 S3 1O-A-15

Aft
Fwd 30 30

Tanker m 1O-A-15
Aft

Combination Fwd 20 20 1O-A-1E
Carrier m

Aft
Fwd

Naval m
Aft 10 10 10-A-1~

NOTES ,
(A)

(B)

(c)

..-. —.
‘“‘Theabovecontinuedtablegivesinformation

relatedtoindividualdetaildeci~ inthe86
shipmrvey.
Therowclabeledsft,~ ,andfwdreferto
Iocationsalongtheshiplength.Themid-
shipsymbolrowcoventhemid-length
throughouttheentkecargosection.
Thenumbem 1,2,S & 4 inthecolumnfor
failuremode refertocracks,buckk,cracks
andbucklm,andtwisted/distorted,respectively.

(D)Probablede@ilfafl”wcaumsw. estbatedtib
acombinationoffatigueandthee.therfactam
indicatedinthetablebyappropriatenumbem as
follows:
6.Shear 11.Neglect
6.Tension 12.bfisuaelAbu8e
7.CombinedTension&Shear13.Questionable
8. Design 14.HeavySeas
9.Fabric@ion/Workmanship16.Collision
10.Welding 16.Other-SeeDmution
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TABLE A-1 O DETAIL FAMILY: STANCHION ENDS

10 1O-A-19

.--
?Wd

m
m.cA ?n 20 LO-A-19

—

LGCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

1.

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Ntier

Observed Observed Observed
combination Fwd
Carrier m 10 10 LO-A-17

Aft v
Fwd

Tanker n
Aft 20 20 LO-A-17

,J.liscella- Fwd
neous x 10 10 LO-A-18

Aft
General Fwd
Cargo a 10

~

~F+

F
Tanker 1

A.. -’-’

Combination w
Carrier m 10 10 1O-A-2O

‘u’

I

Aft
Fwd 10 10

Naval @ 20 20 LO-A-21
Aft 10 10 w

Bulk Fwd 40 40
Carrier m 1O-A-22

Aft 40 40 y

Miscella- Fwd 20

m 20

LO-A-22
neous

Aft
Fwd 10 10

Tanker m 1O-A-22
Aft 40 40

Bulk Fwd 20 20
Carrier E

Aft
1O-A-23

20 20 ,W
COntainer- ~ 40

m 40

1O-A-23
ship

Aft

Bulk Fwd 20

E 20

1o-A-24
Carrier

Aft y
General Fwd 40 1o-A-24
Cargo m 40

Aft
.Fwd 20

Tanker m 20 1O-A-24
Aft 10 10

COntainer- ~
ship E 10 10

Aft
1O-A-25

k
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TA8111 A-10 DETAIL FAMILY , STANCHION ENDS

XCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
3HIP TYPE Details Details Details Number

Observed Observed Observed

General
Cargo m 4 2 6 33.3 1O-A-25 1 8

Aft b ~

General Fwd

Cargo m 34 34 1O-A-26
Aft T

General Fwd

Cargo M 58 58 1O-A-27
Aft

General Fwd

Cargo m 1 3 4 75.0 1O-A-28 1 8,11
Aft

General Fwd

Cargo m o 2 2 100.0 1O-A-29 3
Aft

Combination Fwd 20 20

Carrier a 1O-B-1
Aft 20 20 +,

Container - Fwd
ship a

Aft 20 20 1O-B-1

General Fwd 20 20
Carg”o m 10 10 1O-B-1

Aft 10 10
Fwd 10 10

Naval m 20 20 1O-B-1
Aft 20 20
Fwd 20 20 1O-B-1

Tanker m
Aft

Bulk Fwd 713 70

Carrier E 1O-B-2
Aft 70 70 +

Combination Fwd 60 60
Carrier m 1O-B-2

Aft 60 60
Container - ~d 120 120
ship m 131 131 1O-B-2

Aft 50 50
NOTES :
(A)Theabovscontinuedtableglveoinformation

rsldsdtoindividualdetaildesimuinthe86

(B)

(c)

shipmrvey.
Therowslabeledaft,~ ,andfwdreferto
locatiomslongtheshiplength.Themid-
8hiPWbol row.?ovsmthemid-length
throughouttheentirecargosection.
Thenumhzn 1,2,3 & 4 inthecolumnfor
fsiluremode refertoascks,buckles,cinch
andbuckles,andtwktsd/distorted,respectively.

(D)Probabledetailfailurscauseoareestimatedtobs
acombinationoffatigueandtheotherfactom
indicatsdintbetablebyappropriatenumbem m
fouowl:
5.Shear 11.Ne@sct
6.Tension 12.MuwelAbm
7. combinedTension&Shear 18.Questionable
8.Desi@ 14.HeavySeas
9.FabricationjWorkmanship 15.Ckdlision
10.Welding 16.Othsr-SeeDiscudcm
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TASLE A-10 DETAIL FAMILY : STANCHION ENDS

LCCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

- I

Sound Failed Number Xailures Family Mode Cause
SHIP TYPE Datails Details Details Number

Observad Observed Observed
General Fwd 20 20

Cargo m .90 90 O-B-2
Aft 30 30 +

Miscella- Fw5 40 40
neotis m 10 10 O-B-2

Aft
Fwd 60 60

Naval ~ 210 210 1O-B-2

Aft 90 90
Fwd 208 2 210 1.0 1 6, ,13

Tanker E 10 10 1O-B-2

Aft 130 130

Miscella- Fwd
neous m

Aft 10 10 1O-B-3 .,4

Combination Fwd
Carrier m

Aft 10 10
COntainer- Fwd
ship a 6 6

Aft
Bulk Fwd
Carrier n

Aft 10 10

General Fti

Cargo m 4 4
Aft
Fwd

Naval m 20 20 1O-B-6
Aft +
Fwd

Naval E 20 20 1O-B-7
Aft 20 20 ,&

COntainer- F~
ship m 10 10 1O-B-8

Aft +
Fwd 50 50

Naval ~ 190 190 1O-B-S
Aft 40 40
Fwd

Tanker m 10 10 1O-B-8
Aft 10 10

Combination m
Carrier

COnteiner- Fvnl
ship E 0 10 10 100.0
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Tm~ A-10 DETAIL FAMILl , STANCHION ENDS

-TION ON SHIP No. of No. of

:=s ‘ai’ures :-

Total Percent Detail Failure Failure

==11 Sound Failed
Details Details

t Observed Observed Observed

Container- Fwd
ship M 32 32 1O-B-1O Q

[Aft

General IFwd 40 40 A

m

1O-B-1O — —

ift
?Wd
66 20 20 1O-B-1O

10a=Naval L
Aft 10
Fwd

Naval m 20 I Id h-d
Aft 20

combination Fwd
Carrier x 20 1201 ~0.B-121 I 1-

Aft
F-

Naval 1
Aft 10 10
Fwd 20 20

Tanker a ““w
IAft

COntainer- IFwd 40 40

m

1O-B-13

!ft
!wd

w 10 10 1O-B-13
10
20 10-B-14

ml I &

Naval L
Aftl 10

Bulk Fwdl 20

Carrier ]
Aft u

Bulk Fwd

Carrier m
Aft 30 30 1O-B-15 &

Combination Fwd
Carrier E 10 10 1O-B-15

Aft 10 10

COntainer- Fwd

ship m 10 10 1O-B-15
Aft 30

NOTES :
30

(A)Theabovscontinuedtsblegivesinformation (D)Probabledetailfailurecauaetareestimatedtobe
relstedtoindividualdetaild~m intbe86 acombinationoffatigueandtheotherfwtors
shipsurvey. indicatedinthetablebyappropriatenumbersu

(B) Therowslalmledrift,~,andfwdmferto follow:
locatiomalongtheahiplength.Themid- 6.Shear 11.Neglsct

tip symbolrow.overathemid-length 6.Teneion 12.Misu8a/Abusa

throughouttieentirecsrgosection. 7.CombinedTendon& Shear 18.Questionable

(C) Thenumbsn 1,2,S& 4 inthecolumnfor 8.Derngn 14.llsavys-
fsilursmodersfertocracks,,buckles,cmcb 9.Fabrication/Workmanship16.Collidon

andbucklss,andttited/dktorted,resp.?ctively. 10.Welding 16.Other.SsaDiscussion
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TA8LE A-10 DETAIL FAMILY: STANCHION ENDS

LOCATION ON SHIP No. of NO. of Total

“ 1.

Percent Detail Failure Failure
Sound Failed Number Failures F~ily Mode CauseSHIP TYPE Details Details Details Number
Obeerved Observed Observed

General Fwd
Cargo m 48 2 50 4.0 1O-B-15 1,4

Aft 10 &
12,15 -

10
Fwd 40

q 60
40

Naval 60 1O-B-15
Aft 50 50
Fwd 30

E
30

Tanker
Aft 20

1O-B-15
20

Bulk Fwd 10

m
10

Carrier
1O-B-16

Aft 10 10
Combination Fwd 30 30

*

Carrier w 30 30 1O-B-16
Aft 10 10

COntainer- m 30 30
ship m 28 28 1O-B-16

Aft 20 20
General Fwd
Cargo m 62 62 1O-B-16

Aft 10 10
Miscella- Fwd
neous m

Aft 10 10 10-B-16
Fwd 30 30

Naval m so 80 10-B-16
Aft 50 50
F$&d

Tanker m ;: 10
Aft

10-B-16
70

General FWd
cargo E

Aft 40 40 10-B-17 Lcombination FWd
carrier m

Aft 2(I 20 lo-B-18
container- F!@ +

ship m 4 4 lo-B-18
Aft

General FWd
Cargo m 6 6 lo-B-18 a

Aft 30 30
Fwd

Naval m 20 20 lo-B-19
Aft

combination Fwd *

Carrier m
Aftl o 10 . 5

lo-B-2C
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TABLE A-10 DETAIL FANILY : STANCHION ENDS

,OCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I .

Sound Failed Number Failures Family Mode Cause
HIP TYPE Details Details Details Number

Observed Observed Observed

20ntainer- -
ship m 28 2 30 6.7 LO-B-21 1 8,10

Aft
Fwd

ranker m 10 10 1O-B-21
Aft

20ntainer- Fwd

ship E B 2 10 20.0 1O-B-22 1 8
Aft
Fw13

Tanker m
Aft 20 20 1O-B-2 3

8ulk Fwd

Carrier m 4 6 10 60.0 1O-B-243 8
Aft
Fwd

Tanker m 9 1 10 10.0 1O-B-252 12
Aft

Container - F~
ship a 8 6 14 42.9 1O-B-261 6,8

Aft

General Fwd

Cargo m 4 4 1O-B-27
Aft

General Fwd

cargo a 8 2 10 20.0 1O-B-281 7
Aft

Container - Fwd

ship m 8 2 10 20.0 lo-c-l 1 8

Aft

COntainer- Fwd
ship m 20 20 1O-C-2

Aft
Fwd

Tanker N 30 30 1O-C-2
Aft
Fwd

Naval m 20 20 1O-C-3
Aft

NmTlm,.” ..4”.

(A)Theabovecontinuedtablegivesinformation
relatedto individualdetaild-km inthe86
ships-y.

(B) Tbemm labeledaft,~ ,andfwdreferto
Iocatiomefongtheshiplength.Tbemid-
chipsymbolrowcovemthemid-length
throughouttieentirecargosection.

(C) Thenumberm1,2,S& 4 inthecolumnfor
failuremoderefertocracks,buckles,cracks
andbuckk.andtwist8d/distorted,r.xp+ctively.

(D)Frobabledetailfailureca.cenaree8timatedtobe
acombinationoffatigueandtheotherfacta’o
indicatedinthetablebyappropriatenumbem as
fouows:
6.Shear
6.Tension
7.CombinedTension& Shear
6. Design
9.Fabrication/Workmanship
10.Welding

11.
12.
19.
14.
16.
16,

Neglect
Mim@Abu8e
Questionable
HeavySeas
Collision
Other-SeeDiscussion



TABLE A-1O DETAIL FAMILY: STANCHION ENDS

LOCATION ON SHIP No. of No. of Total Percent

i

Detail Failure Failure
Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Number
Observed Observed Observed

Fwd

Tanker M 10 10 lo-c-3
Aft

Container - F~
ship m 10 10 1O-C-4

Aft w

‘Bulk Fwd

IT

[ T
\-

aAG, Lu 10 1O-C-6
General lFwd] 4

=%1-+-’‘“0‘60”0’10-c‘ ‘8“
Cargo E 8 7. 10 20.0 1O-C-6 1,2 12

Aft
-.

8=

n’

Container - Fwu
ship m

Aft 10 10 1O-C-7 T

General Fwd

Cargo m 5Z 2 54 3.7 1O-C-7 2 8
w-.

=3--=
Tanker II

,rc
‘w

z=.
70 10--

‘w
z 20 20 1O-C-8

j Aft T
#

ml
10 lo-c-9 T

26 lo-c-9

~

Cargo E 26
Aft 20

Bulk Fwd
Carrier m

Aft 20 20 lo-c-lo T
Combination Fwd
Carrier a 10 10 1O-C-1C

Aft
Fwd

s 20

20 1O-C-11
Tanker t

Aft

General Fwd

Cargo a 20 20 1O-C-12
Aft
F@

Naval @- ;: 20 1O-C-12
Aft 20
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TABLE A-lCl DETAIL FAMILY , STANCHION ENDS

=

t Ob:

General
Cargo 3

Aft
F, -

Naval 1
A

Xi I

WI

t

E
,ft
‘wd

E

LOCATION ON SHIP No. of NO. Of Total Percent Detail Failure Failure

= I 1s:,s :::;:s :2;s ‘ailures ?2: ‘ode
Cause

served Observed Observed

40 40 1O-C-13
30 30
70 70 1O-C-13
20 20
50 50

Naval 1 30 30 1O-C-14
Aftl 20 20 T

General Fwd I

Cargo 1
Aft]

COntainer- F~ I
ship 9

Aft I 10

General Fwd I

Cargo Q

=++

Naval Ij

EC

+

Lft

‘wd

nil

40 40 1O-C-15 r

10 1O-C-16 T

32 32 10-C-16

10 10 1O-C-17

v

20 1o-c-18

T

AR 20 20 1o-c-18

Combination F~
Carrier B 10 10 1O-C-19

Aft T
Fwd 20

Naval m :: 40 1O-C-2C
Aft 20 20 T

Bulk Fwd

Carrier m
Aft 20 20 1O-C-21

COntainer- Fwd 10

ship n :: 10 1O-C-21
Aft

NOTES :
(A)Theabovecontinuedtablegiveoinformation

relatedtoindividualdetaildesiw inthe86

(B)

(c)

*IPsurvey.
Therowilabeledaft,~ ,andfwdreferto
locatiomalongthethiplength.Themid-
shipsymbolrowcovemthemid-length
throughouttheentirecargomction.
!rlMnumben 1,2,3& 4 inthecolumnfor
failuremode refertocracks,buckles,cmclm
andbucklec,andtwisted/distorted,mg~tkdy.

(D)Robabl.detailfailuremum areestimatedtobe
● combinationoffatigueandtheotherfactom
indicatedinthetablebyamromiat.?numbm u
fouowl:

. .. .

5.8hear 11.Neglect ‘
6.Tendon 12.Mlmw/Abtw
7.Combmed Tension&Shear 19.Questionable
8.Detign 14.HeavySeu
9.Fahrkation/Workmanship16.CoUision
10.Welding 16.Other-BeeDimumion
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TASLE A-10 DETAIL FAMILY: STANCHION ENDS

LOCATION ON SHIP No. of No. of Total

‘~

Percent Detail Failure Failure
Sound Failed Number Failures Family Mode CauseSHIP TYPE Details Details Detaile ‘ Number
Obeerved Observed Observed

General 3
Cargo al 20 20

Aft
1O-C-21

10 10
Fwd

Tanker m
Aft 30 30 1O-C-21

COntainer- Fwd
ship n

Aft 10 10 lo-c-22
F@ v

Tanker E
Aft 10 10 lo-c-22

General Fwd
Cargo

w 10 10 1O-C-23
Aft T
m

Naval m 20 20 1O-C-24
Aft

COntainer- F.#d v

ship m
Aft 10 10 1O-C-25 v

Miscella- Fwd
neous n

Aft 10 10 1O-C-25
Fw5

m ::
10

Naval 10 1O-C-25
Aft 10 10

Container- FWd
ship m

Aft 20
Fwd

20 10-C-26 w

Tanker m
Aft 10 10 10-C-26

Container- FWd
ship m

Aft 20 20 10-C-27 wcombination FWd
carrier E

Aft 10
Bulk

10 10-C-28
F*

v

carrier a
Aft 20 20 10-C-29
Fwd

vGeneral
cargo m 6 6

Aft
10-C-30

General Fwd w

Cargo @ 108 108

T

-3
lo-C-31

Aft

-,. A-79



TA8m A-10 DETAIL FANIL\ : STANCHION ENDS

LOCATION ON SHIP No. of No. of Total percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details .Details Number ,:

.Observed Observed Observed
General
Cargo E 70 70 1o-c-32

Aft
General Fwd
cargo m o ~ 4 100.0 lo-c-33 1 .6,8

Aft
General Fwd
Cargo E 44 44 lo-c-34

~

.

Aft
General Fwd

Cargo m .7 1 8 12.5 lo-c-3 54 12,15
Aft .F

General Fwd
Cargo m 1’ 12 lo-c-36

Aft T
General Fwd
Cargo m 6 6 lo-c-37

Aft T

TA5~ A-n DETAIL FAMILI . sTIFFENER ENDS

——.
LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

/

Sound Failed Number Failures Family Mode Cause
SHiP TYPE Details Details Details Number

Observed Observed Observed

Bulk Fwd 200 200
Carrier m 11-A-1

Aft 190 10 200 5.0 1 5 y
rrwnh<na+ion Fwd 280 28o

300 300 11-A-1
m.i 300 300

COnbainer- Fwd 90
ship a 90 1,316 317 0.3 11-A-1 1 5

Aft 340 340
NOTES :
(A)Theabovecontinuedtablegivesinformation (D)Probabledetailfailurecaus.ware-ated tobe

relatidtoindividualdetaildesignsinthe86 acombinationoffatigueandtheotherfmtom
9hinmrvev. indkatedinthet.sblebyappropriatenumbersM

(B) Thermm labeledaft,E ,andfwdreferto follo-w:
. . .. . .

(c)

locationsalongtheshipIenztb.Themid- 5.Shear 11.Negi’sa
shipsymbolrowcoventhemid-length 6.Tension 12.MisunlAbuss
throughouttbeentirecargosection. 7.Combmed Tension&Shear 19.,Questionable
Thenumbers1.2,3 & 4 inthecolumnfor S.Design 14.Huvy Seas
failuremode refertoccacks,buckles,miclu 9.Fabrication/Workmanship16.Collision
andbuckk,andtwisted/dwtorted,respectively. 10.Welding 16.Other-SeeDi8cuaioU
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TA8Ls A-n DETAIL FAMILY: STIFFENSR ENDS

r
I02ATSON ON SHIP NO. of w. of Total Percent Detail Failure Failure

“ I

Sound Failed Nomher Failures Family Mode Cause
SHIP TYPE Details Detsils Oetails Number

Observed Observed Observed

General Fwd

m 70 8

70
Cargo 395 403 2.0 11-A-1 1 5

Aft 118 2 120 1.7 1 5 y

Miscella- Fwd

n :

50
neous 60 11-A-1

Aft 80 80
Fwd 700 700

Tanker n 1523 77 1600 4.s 11-A-1 1 5
Aft 650 65o

COntainer- Fwd 80 80
ship n 1L8 2 120 1.7 11-A-2 1 5

Aft 80 80 TD

General F@
Cargo E 8’ 85 11-A-2

Aft 10 10
FWd

m 20

20 11-A-2
Tanker

Aft

Bulk Fwd

IXz 20

20 11-A-3
Carrier

Aft ’00

Container- Fwd 290 290
ship M 262 5 267 1.9 1

Aft
5,10

110
General Fwd

Cargo m 674 674
Aft 50 50
Fwd

E 19 1
20 5.0 1 6,8,14

Naval 1l-A-3
Aft 20 20
Fwd 30 30

Tanker m 1l-A-3
Aft 60 60
Fwd

a 1::
50

Naval 120 1l-A-4
Aft 70 70 00

COntainer- Fwd 19 1 20
ship

5.0 11-A-5 1

m

5

Aft Tu
Fwd 20

Tanker E 20

11-A-5

Aft !
COntainer- Fw@
ship Ayt 252 5

1s 2 h

.
257 1.9 11-A-6 1,4 5,7,15

2 8 n

Fwd

Naval n 63 7 70 10.0 -1-A-6 1
Aft

7
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TASLE A-n DETAIL FAMILk , STIFFENER ENDS

LOCATION ON SHIP No. of No. of Tota1 Percent Detail Failure Failure

~

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Details Details Nutier

Obs.arvedObserved Obse-rved

Bulk 170 170
Carrier m 1003 1003 11-A-7

lllr
t

Aft 210 210
Combination F~ 375 5 380 1.3 1 14

Carrier w 360 360 11-A-7
Aft 250 250

COntainer- Fwa 547 550
A~t 2868 :

0.5 1 14,15
ship 2874 0.2 11-A-7 1 8

660 660
General Fwd 210 210
Cargo m 3032 6 3038 0.2 11-A-7 1 11

Aft 500 500
Miscella- Fwd 110 110

neous a 30 30 l-A-7
Aft 100 100
Fwd 604 6 610 1.0 1

m

7,11,14

Tanker 820 820 11-A-7 d

Aft 540 540
Combination F~
Carrier Xl 200 200 .1-A-8

Aft
Fwd

M 4;:
80

Naval 420 .1-A-8
Aft 166 4 170 2.4 1 8,14

Bulk Fwd 80
Carrier m 80293 293 ..1-A-9

Aft 170 170 WI
Combination Fwd 40 40
Carrier m L1-A-9

Aft 90 90

Container- Fwd

E 50
50

ship 504 504
Aft

.1-A-9
150 150

General Fwd

N 4:: 45
60

Cargo 474 9.5 .1-A-9 1 5,8,11
Aft 110 lio
Fwd 240
m 1600

240
Naval 1600 .1-A-9

Aft ?Ilo 700
NOTES:
(A)The●bovecontinuedtablegivesinformation (D)Probabledetsilfdl.mcausesw edimatedtobe

relatedtoindividualdetaildesig~inthe86 acombkmtionoffatigueandtheotherfactom

(B)

(c)

shipmlrvey. indicatedinthetablebyappropriaknumbem cm
Therowslabeledaft,~ ,andfwdrefer@ follow:
locdtiomalongtheshiplength.Themid- 6.Shear 11.Neglect

sMpsymbolrowcovemthemid-length 6;Tension 12.Mimue/Abuse

throughouttheentirecargoBection. 7.CombinedTew.ion& Shear 18.Questionable

Thenumbem 1,2,8& 4 inthecolumnfor S. Design 14.HeavyS-

failuremoderefertocracks,buckles,cracks 9.Fa.brication/W’orkmanship16.Collision

andbuckles,andtwisted/distorted,respectivey. 10.Welding 16.Otb- -SeeDkcudon
.. &,:,,*.I

*,.
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TABLE A-11 DETAIL FAMILY : STIFFENER ENDS

LCCATION ON SIIIPm. of Nu. of

b ‘ 1. 0

Total Percent O&ail Failure Failure
Sound Faikd Numbar Failures Ftily tide CauseSHIP TYPE Details Oetails Oetails Number
bserved Obse~ed obSe_d

Fwd 87 3
m

90 3.3 1 11
Tanker 11-A-9

Aft 130 130 VT
Fwd 230 23o

Naval m 1500 1500 11-A-1O
Aft 400 400 UT

“COntainer”- Fwd
ship m

Aft 20 20 11-A-11 bll
Fwd

n 60
60 11-A-11

Naval
Aft
Fwd

m ;:

50
Tanker 11-A-11

Aft
L

60
Bulk Fwd
Carrier m

Aft 20 20 11-A-12 111
Fwd 30 30

Naval n 110 110 11-A-12
Aft 50 50
Fwd

Tanker N
Aft 40 40 11-A-12

Combination Fwd 30 30
Carrier m 1l-B-l

Aft 30 30 m
COntainer- Fwd
ship m 491 2 493 0.4 1l-B-l 1 5

Aft 80 80
General F@
Cargo m 786 4 790 0.5 1l-B-l 1

Aft
10,11

Fwd 20 20
Tanker E 195 5 200 2.5 1l-B-l 1 7

Aft 16 4 20 1 5
Container- FWd
ship m 60 60 1l-B-2

Aft To
Container - Fwd

m 50 8

50
ship 832 840 1.0 11-B-3 1 7

Aft 247 3 250 r
‘\

1.2 2 14
General FWd
Cargo m 61J 60 11-B-3

Aft
Bulk Fwd
Carrier a 111 111 11-B-4

Aft F
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TABL.C A-n DETAIL FAMILY , STIFFENER ENDS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Nu@er Failures Family Mode Cause
5HIP TYPE Dstails Details Details Number

Observed Observed Observed
Container - =
ship m 201 201 11-B-4

Aft F

General Fwd 20 20

Cargo M 159 2 161 1.2 L1-B:4 2 12,15
Aft 50 50
Fwd

Tanker E 1908 12 1920 0.6 11-B-4 1 7
Aft

Container - F$@

m
F

.
ship 140 140 11-B-5

Aft 59 1 60 1.7 1 7

Container - Fwd

ship x 37 1 3s 2.6 _l-B-6 1 8
Aft 4

,-

General Fwd

Cargo m 74 4 78 5.1 _l-B-6 1 11
Aft

Bulk Fwd
—.

Carrier Yll 412 412 11-B-7
Aft 1=

Bulk Fwd

Carrier u 26 26 11-B-S
Aft

Container - Fwd

ship m 30 30 11-B-8
Aft

General Fwd

Cargo E 160 2 162 1.2 11-B-9 1 11
Aft .F

COntainer- Fwd

ship E 41 41 11-C-1
Aft UT

General Fwd

Cargo m 158 158
Aft 30 30 11-C-1
Fwd 50 ~

Tanker m
Aft

NOTES :
(A)Theabovecontinuedtablegivesinformation

relstedtoindividualdetaildeskm intbe86

(B)

(c)

shipsurvey.
Therow Iabeledsft,m ,sndfwdreferto
locationsalongtheshiplength.Themid-
shipsymbolrowcovsrsthemid-length
throughouttheentirecsrgosection.
Thenumbsm 1,2,S & 4 inthecohmm for
fsiluremoderefertocrscka,buckles,cmcka
sndbuckfss,andtwisted/distorted,respectively.

(D)Probabledetsilfsif.reca.waareegtbnstedtobe
acomblnaticmoffatigueandtheotherfactom
indicatedinthetablebyappropriatenumbem u
follow:
5.Shear 11.Neglect
6.Tension 12.Misuse/Abuse
7.CombinedTension&Shesr 1S.Quectiomble
8.Design 14.HeavySssa
9.Fabrication/Workmanship16.Collision
10.Welding 16.Other-SeeDiscussion
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TABLE A-11 DETAIL FAMILY : STIFFENER ENDs

LOCATION ON sHIP No. of No. of Total

‘1

Percent Detail Failure Failure
Sound Failed Number ~ailures Family Mode Cause

SHIP TYPE Details Details Oetails Number
Observed Obserwed Observed

General lhvd
Cargo E 16 16 11-C-2

Aft VT
Fwd

Tanker m
Aft 40 40 11-C-2
Fwd 40 40

Naval m 170 170 11-C-3
-U[

1

Aft 60 60
Fwd 40 40

Naval a 613 60 11-C-4
Aft 40 40

Container - Fwd
-UT

ship n

m

,!

Aft 60 60 11-C-5
Fwd

Naval m 13 7 20 35.0 11-c-6 1
Aft

8
“~~

Bulk Fwd
Carrier m 72 72 .1-D-1

Aft
Combination ~ 20 20
Carrier N Ll-D-l

Aft 20 20
COntainer- Fwd
ship E

Aft 60 60 11-D-1
General Fwd
Cargo a

Aft 30
mid

30 11-D-1

Tanker m
Aft 110 110 11-D-1

Container - Fwd
ship a 193 193 11-D-2

Aft -r
Miscella- Fwd 50 50
neous m .1-D-2

Aft 40 40
Fwd

Tanker w 30 30 L1-D-2
Aft

-

60
Fwd 200
Ayt 1060

200
Naval 1060 .l-D-3

360 360 r
Container - Fwd
ship a 58 2

j
60

Aft
1.7 .1-D-4 1 7

>t-

A-85
-. —



TASL2 A-11 DETAIL FAMILk : STIFFENER ENDS

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

I

Sound Failed Number Failures Family Mode Cause

SHIP TYPE Details Details Details Number

Otfserved Observed Observed

Fwd

Tanker m 2108 42 2150 2.0 11-D-5 1
T

7 -
Aft 160 160

General Fwd

Cargo m 60 60 11-E-1
Aft D

General Fwd

Cargo m 108 108 11-E-2
Aft .P

Fwd 10
Tanker M 10120 120 11-E-2

Aft
Fwd 20

Tanker E 20 11-E-3
Aft 20 20 .I1

TA8LE A-12 DETAIL FANILk A PANEL STIFFENEw

10CATION ON SHIP No. of No. of Total

~1 SOund Failed Number I::T::E%R

6

I

;HIP TYPE
i

Details Details IDetails I INumber! I I
Observed Obs

Fwd

Naval n
Aft
Fwd 150

Tanker a 60
Aft 330

General Fwd I I I I I
Cargo

Ii ,
1
Aft 20
Fwd

Tanker m
Aft 40 _

NOTE8 :

IgLl

‘--+
(A)

I

Theabovecontinuedtablegivesinformation
relatedtoindkidualdetaildesigmintbe86
shipmuvey.

E ,andfwdreferto

~“
(D)Probabledetailfailurecausesareestimatedtobe

acombinationoffatigueandtheotherfactam
indicatedinthetablebyappropriatenumbem u
follo.m:(B) Therow labeledaft,1

locationsalongtbeship-length.Themid-
shipsymbolrowcoversthemid-len
throughouttbeentirecargosection. 7.Gomomearen.wn

(C) Tbenumbers1,2,3& d+rtlfecolumnfor 8.De8ign

faiiuremoderefertocrack%buckfe%CmC~
. - . ..–L,.—,.,,--,.—

andbuckles,andtwisted/distorted,respectively. 10.Welding 10,

6.Shear
6.Tendon .m..-,&she=he= :;----

14.
u.raortc.uon,workmanship 16,. ... ..

Neglect
Misuse/Abu8e
Questionable
HeavySeaa
COUiiOn
Other-SeeDiscuuion

A-86
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TABLE A-1 2 DETAIL FANILY: pANEL STIFFENE~

LOCATION ON SHIP No. of No. of Total Percent Detail Failure Failure

‘1

Sound Failed Number Failures Family Mode Cause
SHIP TYPE Details Dstaiis Details Number

Observed Observed Observed
Bulk Fwd 30
Carrier E 30 s600 60S 1.3 12-A-3 1,2 15

Aft 60 60 H t
Combination Fwd 120 120
Carrier m 400 400 12-A-3

Aft 210 210
COntsiner- Fwd 150 150
ship ~ 1295 2 1297 0.2 12-A-3 2 15

Aft 32o 320
General Fwd 100 100
Cargo ~ 1731 103

(8,11,
1834 5.6 12-A-3 1,2,4 12,16)

Aft 215 5 220 2.3 1 11
Miscella- Fwd 40 40
neous a 60 60 12-A-3

Aft 70 70

M 200 200
Naval ~ 2100 2100 12-A-3

Aft 400 400
Fwd 210 210

Tanker m 67o 670 12-A-3
Aft 490 490
Fwd

Naval a
Aft 150 150 12-A-4
Fwd

Tanker m
Aft 90 90 12-A-4

Combination F@ 60 60 12-A-5
Carrier m

Aft w
Container - Fwd
ship m 219 3 222 1.4 12-A-5 1 14

Aft

General F@

Cargo n 10 10 12-A-5
Aft

Miscella- Fwd
naous a

Aft 40 40 12-A-5
Fwd

Tanker m
Aft 40 40

Bulk
12-A-5

Fwd 291 300
m 1621 2;

3.0 1 14
Carrier 1642 1.3 12-A-6 1 7,15

Aft 46o 460
Combination FW3 40 40
Carrier E 160 160 12-A-6

Aft 90 90



TABLE A-12 DETAIL FAMILk , PANEL STIFFENERS

LOCATION ON SHIP NO. of NO. of Total Percent Detail
~ I Sound Failed Number Failures FamilY
SHIP TYPE

I
D&tails Details Details Number
Observed Observed Observed,

container - Fwd 40 40

ship m 623 2 625 0.3 k2-A-6
Aft 60 60

General Fwd

Cargo ~ 2283 60 2343 2.6 L2-A-6
Aft 70 70

Miscella- Fwd 20 20

neous x 7-0 20 L2-A-6
Aft 30 30
Fwd 50 50

Naval m 400 400 L2-A-6
Aft 80 80
Fwd 80 80

Tanker E 260 260 .2-A-6
Aft 230 230
Fwd

Naval m fJ 10 10 100.0‘L2-A-7
Aft

Bulk Fwd

Carrier B
Aft 17 3 20 15.0 12-A-8
Fwd 50 50

Naval M 330 330 k2-A-B
Aft 110 110

Bulk Fwd

Carrier M 30 30 .2-A-9
Aft 50 50

Combination Fwd
Carrier E 702 8 710 1.1 L2-A-1

Aft

General Fwd

Cargo m 131 2-1 158 17.1 $2-A-1
lAftl I 1

COntainer- {Fwd I 50 I ~
ship m 470 25 495 5.1 12-B-1

Aft 220 220
General Fwd

Cargo m 93 20 113 17.7 $2-B-1
IAft I I I

NOTES :
(A)Theabovecontinuedtablegivsainformation

relstsdtoIndividualdetaildesigmintbe86
#hipsurvey.

(B) TherowsIabsledaft,~ ,sndfwdreferto
Icxstiomalongthe#hipIengtb.Tbemid-
chips~bol towcoventhemid-length
tbrougbouttheentirecsrgo@ection.

(C) Tbenumbsrs1,2,3& 4 inthecolumnfor
fsilursmoderefertocrocks,buckles,cracks
sndbucklqandtwfsted/distorted,r@psctively.

Failure Failure
tide Cause

1,2 15
+

H

1,2,4

J

%

~

1 5’10 &
1,2 0,12,15

1,2 11
w

2,4 8,12,15

,~

(D)Probabledetailfsilurecam us s@nutsdtobs
acombinationoffatigueandtheotherfactom
indicatedintbetsblebyappropriatenumbsm w
follow:
& Shear
6.Tension

11.Neglect
12.Mi@n8s/Abwe

?:CombinedTension&Shear 19,Qussti&nable
6.Design 14.Wavy Ssu
9.Fsbricatic.n/Workmanship16.COUhiOn
10.Welding 16.Other-SeeDixutuion

., ,*, A-88
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TASLS A-12 DETAIL FAMILY, PANSL STIFFENERS

LOCATION & SHIP No. of No. of

‘~ “

Total Percent Datail Failure Failure
Sound Failed Nnmbsr Failures Family l.@de Cause

SHIP TYPE Oetails Datails Datails Number
Observed Observed Observed

Bulk
Carrier X 93 93 12-B-2

Aft w

Container - Fwd 20 20
ship ‘‘ n

Aft 40
12-B-2

40
Ganeral Fwd 50 50
“Cargo % 171 165 336 49.1

Aft 60
12-B-2 1 5,11,16

60
Fwd

Naval m 60 60
Aft

12-B-2

Fwd 30 30
Tanker a

Aft 50
12-B-2

50
Bulk FWd 30

E
30

Carrier 325 325
Aft 213

12-B-3 ~
20

Combination M 90 90 4
Carrier m 27o 27o 12-B-3

Aft 190 190

ConQiner- Fwd

E 60 i

60
ship B97 89B 0.1 12-B-3 2,4

Aft
8,14,15

116 4 120 3.3 1 11,12
General Fwi 50
cargo ~t 15;: 26 1534 1.7 12-B-3 2,4 12,15

80 BO
Miscella- Fwd

a’ ::

20
.naous 30 12-B-3

Aft 30 30
Fwd 2(3 20

Naval m 70 70 12-B-3
Aft 20 20
F@ 110

A% 210
110

Tanker 210 12-B-3
200 200

Bulk P@ 10 10
Carrier m 581 581 12-B-4

Aft
~

20 20
Combination Fti

“= ~:

30 A
Carrief 70 12-B-4

Aft 60 60
Contsiner- Fwd 20
ship “A~t :: 30 12-B-4

30 30
General. Fwd 10
Cargo a : 38617 655 5.8 12-B-4 1,4 (11,12,

Aft 40 14,15)

-. A-89 —



TABLE A-12 DETAIL FAMILl , PANEL STIFFENERS

‘H’*“E I J==ts=rNaval M
Aft
Fwd

d
Naval m

Aft
Fwd

Naval m
Aft
Fwt

=

Naval m
Aft

Cont.ainer- Fwi

ship m
Aft

General Fwt

Cargo B
Aft
WC

l--tTanker m
Aft
FWC

Naval m

=

Aft

Bulk Fwd

Carrier m!
Aft

container- F@
ship n

Aft

Miscella- Fwd

nbous m
Aft
Fwd

Tanker a
Aft

NOTES :
(A)Theabovscontinusdtablegivrainformation

tdstsdtoindividualdetd de~i-intbe86
obipsurvey.

(B) Therow Iabsledaft,E ,andfwdreferto
locatiomalongthesMplength.Themid-
sldpsymbolrowcovsmthemid-length
throughouttheentirscsrgomction.

(C) Thenumbsn 1,2,3& 4inthecolumnfot
fsilummode rsfertocrscks,buckles,cmck#
sndbucldss,andttited/dkto?ted,rsspsctivsly.

10. of No. of Total Percent Detail Failure Failure
Qund Failed Ntudber Failures Femily f40de Cause
wtails Details Details Number
lbserved Observed Observed

17 3 20 15.0 12-B-4 1

,W

14

20 20
210 210 _2-B-5
40 40 .F
10 10
20 20 12-B-6 p
20 20
10 10

1694 6 1700 0.4 12-B-7 2 15
H

330 330
3400 3400 12-B-8
700 700 “F

120 120 12-C-1
A

60 10 70 14.3 12-C-1 1 s

10 10
12-C-1

30 30
20 20
50 50 12-C-2

180 1s0 A
90 90
304 3 307 1.0 12-C-3 1 6,S,11

190 190 ,Z

596 596 12-c-3

50 50
310 310 12-C-3
60 60

350 350
4SS2 1s 4900 0.4 12-C-3 1 7,10
370 370

(D)FrobabledetsllfallursCSIUWw sstimated~ h
acombinationoffatigueandtheothertl@oIu
indkmtsdinthetableby●ppropriatenumbersu
fouow’s:
& Shsar 11.Ne@ct
6.Tendon 12.MbwdAbuM
7. Cambged Tendon& Shsar 1.9,Qu@iorubla
8.Deci@ 14.liealySul
9.Fabrication/Worknunsbip16.COINdOn
10.Welding 16.Other-BeeDbcudon

.

... .-.
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TABLE A-1 2 DETAIL FANILY : PANEL STIFFENERS

LOCATION ON SHIP M. of NO. of Total Percent Detail Failure Failure

‘1

Sound Failed Nunber
SHIP !fYPE

Failures Family Mode Cause
Details Details Oetails Number
Observed Observed Observed

Ccunb$nation Fwd

m 50
50

“.Carrier 120 120 12-c-4
Aft 50 50 +

Container - Fwd

m 50
50

ship 300 300 12-c-4
Aft 90 90

Mi.scella- Fwd

a 30
30

“ ‘neous 230 230 12-c-4
Aft 50 50
Fwd 240 240

Tanker E 2200 2200 12-c-4
Aft 120 120

Bulk
Carrier ‘;’ 96 96

/
12-c-5

Aft A
General Fwd
Cargo E

Aft 6S 12 80 15.0 12-c-5 1,2
Fti

14

m 10::
50

Naval 1000 12-c-5
Aft 110 110
Fwd

m 90
90

Tanker 740 740 12-c-5
Aft 1s0 180

Bulk Fwd

m 30
30

Carrier 358 358 12-c-6
Aft 70 70
Fwd

+

m ::
20

Naval 80 12-c-6
Aft 30
mid

30

Tanker m
Aft 110 110
Fwd

12-C-6

F
Tanker

Bulk
Carrier

FCombination]Carrier

Container -
ship

t--=--

I Tanker

I

m 400 400
Aft 60 60 12-c-7 A
Fwd 200 200
a 12-c-8
Aft 60 60 &
Fwd

m 30
30

12-C-S
Aft 80 80
Fwd

m
Aft 50 50 12-C-8
Fwd 50 50

E 410 410 12-c-8
Aft 90 90

a-Q1---- —



~

l’Asl.cA-12 DETAIL FmlLl : PANEL STIFFENERS———

LJXATION ON SHIP No. of No. of Total Percent D~il Failure Failure

I

Sound Failed Nun@r Failures Family Mode Cause

SHIP TYPE Details Details Details Number

Observed Observed Observed
Fwd 60’”

Tanker m 60390 390 12-C-9
Aft so 80 A
F*

Naval M
Aft 240 240 12-D-1 -n-

COntainer- Fwd

ship m 376 54 430 12.6 12-D-2 1 (8,10,
J

Aft 14,15)

Fwd 2“0

Tanker M 20290 290 12-D-2
Aft 40 40

General Fwd

Cargo E 80 80 12-D-3
Aft’

Bulk FWd

Carrier m 12 12 12-D-4
Aft z

Container- @
$1 1277 92 6.7 12-D-4 1,2 A

ship 1369 8,10,1 5

Aft

Combinationnm d 70 12-D-5

Carrier m 70
Aft
Fwd

—.. —
General
Cargo m 20 20 12-D-5

Aft

container - Fwd

ship E 658 8 666 1.2 12-D-6 1,2 8,14
.x +Aft

CombinationnF ~
—-

40 — ‘--40

Carrier m 12-E-1
Aft 110 110—— ..— .

Container - FWd
—

ship a 40 40 12-E-1
Aft

Container -m d
ship m 171 10 181 5.5 12-E-21 12 _rl--

Aft
NOTES :
(A)Theabovecontinuedtablegivesinfmnmti.n

refatedtOindividualdetd defigminthe86

(B) $% ~~mv~beledaft,~ ,~d fwd=fet~0
locatiomalongthetiiplength.Themid-
ship symbol row covers the mid.length
throughouttheentirerargosection.

(C) Thenwnbem 1,2,S & 4 inthecolumnfor
failuremoderefertocracks,buckles,crocks
andhuckfes.andtwisted/distorted,respectively.

(D)Probabledetailfailurecausesareestimahdtobe
acombinationoffatigueandtheotherfmtc.m
indicatadinthetablebyappropriatenumbem M
follow%:
5.Shear 11.Neglect
6,Tension 12.Miaue/Abm
7.CombinedTension& Shear 13.Questionable
8. Design 14. HeavySeas
9,Fabrication/Workm,amhip16.COUkiOn
10.Welding 16.Other-8eeDiscuuion
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TA8~ A-12 DETAIL FAMILY: PANEL STIFFENERS

LOCATIOtiON SHIP NC..of No. of Total Percent

‘1

Detail Failure Failure
Sound Failed Number Failures Family Mode

SHIP TYPE
Cause

Details Details Details Number
Observed Observed Observed

Container - Fwd

a ::
60

ship 80 12-E-3
Aft L

COntainer- Fti
ship m 59 1 60 1.7 12-F-1 1

Aft
5,10

Z
COntainer- Fwd
ship m 69 1 70 1.4 12-F-2 1 15

Aft .x
Container - Fwd
ship E 76 4 80 5.0 12-F-3 1 7,8

Aft r
Fwd 20 20

Tanker m 12-F-4
Aft 60 60 z

Container - Fwd
ship m 143 143 12-F-5 i

Aft a8 2 90 2.2 1 7 +
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