Appendix IV .

CATALOGUE OF STRUCTURAL DETAIL FAILURES 

Extract of the work of Project 200 Group
Introduction
The Forum members were requested to supply information on their experiences of structural detail failures, forward of the engine room on tankers over 20,000 tonnes deadweight. These location and size limitations were chosen to restrict the study to typical tanker structure and also to exclude smaller vessels where the structure is not so sensitive to detail design. Most of the data submitted, however, related to VLCC type ships.

Members were also requested to advise known or suspected factors contributing to the failures and, where possible, the repairs effected and their degree of success.

The response resulted in approximately 210 sketches. Whilst a large number of failure examples were given, in some cases the actual repair carried out was not reported and could not subsequently be confirmed. Further​more, a number of the repairs which were reported had accumulated relatively little service experience to date. In only a very few cases were alternative or unsuccessful repairs given. For this reason the proposals also incorporate the combined experiences of the project members.

It was apparent from the submitted data that many of the problems experienced were common to most members. The data was, therefore, divided up into a number of different groups each identified by the general location within the hull structure. It was considered this would provide a convenient metliod of grouping for the catalogue when used as a reference document. A total of 14 structural groups were established in this way from the submitted data. No classification of the relative frequency of occurrence of the various types failures was attempted due to limited information in this respect.

Within each such structural group, one or more examples of detail failure are included. In compiling these examples, the project members have, in some cases, combined similar failures submitted by different Forum members to show a single example of general application.

Presentation Format
It was agreed that the catalogue should include the following information on each type of structural detail failure:

1.      Sketch illustrating the failure.

2.      Sketch illustrating the proposed repair.

3.      List of factors contributing to the failure.

4.     Repair notes to provide more detailed recommendations.

5.      Alternative repair methods where appropriate.

6.     Unsuccessful repairs where known.

7.      Implications for new designs.

Whilst it is desirable to provide as much information as possible, the project group members have been mindful of the need to ensure that any reference work is simple and clear to follow. Therefore, two standard format sheets were devised to present the above information. For each example of a detail failure, the first three of the items above have been presented on the first standard sheet with the sketch of the failure and the proposed repair arranged side by side for comparison. The remaining items, which are mainly descriptive, are all presented on supplementary standard sheets entitled 'Additional Notes'.

Where possible, only one set of Additional Notes has been included, relating to a number of examples of failure within any structural group in order to avoid repetition.

The Catalogue of Structural Detail Failures
The catalogue is included in this Appendix. It is emphasised that this catalogue has been based almost entirely on the data submitted by Forum members and cannot, therefore, be considered a comprehensive list of all types of structural failures occurring on tankers. Furthermore, the proposed repairs reflect only the members' general experiences and cannot be taken as firm guidelines applicable in all cases. When considering individual cases of failure and the appropriate repair method, it is believed the catalogue will provide valuable guidance. In some cases, depending on the circumstances, more economic repair methods may be available. However, in each case the repairs should be completed to the satisfaction of the Owner's representative and the Classification Surveyor.

A list of the 14 structural groups is included, and also a complete index of all the failure examples and associated notes within each structural group.

Standard Format Sheet
1.     Sketch of detail failure. Each sketch shows a typical example of the failure concerned. Scantlings and actual dimensions have been excluded in order to make the application general.

2.     Sketch of the proposed repair. This sketch illustrates and describes briefly the repair proposed, adopting shading to highlight renewed structure and reinforcements. These proposed repairs do not in all cases coincide with the actual repairs submitted by the Forum members, particularly where insufficient service experience has been accumulated. They do, however, reflect the combined judgement of the project members.

3.     Factors contributing to damage. These factors are numbered for reference purposes only, and this numbering does not imply any order of importance. In any particular case, not all these factors may be present and their relative importance can vary from case to case. The purpose of this list is to assist in looking for probable causes of failure in any particular instance.

Supplementary Standard Format Sheet (Additional Notes)
1.     Repair Notes. This section includes more detailed recommendations relating to the proposed repair method which cannot be included on the repair sketch.

2.      Alternative Repairs. In some cases, it has been found appropriate to include an alternative repair to that proposed on the first standard format sheet. The choice of repair in each case will depend upon the failure and the actual structural arrangements.

3.     Unsuccessful Repairs. Where it is known that a particular repair has been attempted and subsequently found to be unsuccessful this has been noted.

4.      New Construction. Although the catalogue relates directly only to detail failures found in service and corresponding repair methods, these failures provide valuable information which should be considered in developing new designs. The detail repair methods proposed will not necessarily be appropriate or cost effective for a new building and, therefore, a list of general recommendations are given for guidance in order to highlight unsatisfactory aspects of detail design.

LIST OF STRUCTURAL GROUPING



Group Description of Structural Detail Group No.



1 Connection of longitudinals to transverse webs. 2 Connection of longitudinals to plane transverse bulkheads. 3 Connection of longitudinals to corrugated transverse bulkheads. 4 Connection of longitudinals to floors in double bottom. 5 Fore peak structure. 6 Longitudinal girder end brackets. 7 Transverse web frame end brackets. 8 Primary web face plate end connection. 9 Cross-ties and their end connections. 10 Transverse bulkhead horizontal stringer. 11 Transverse bulkhead stiffener/primary web intersection. 12 Lightening holes and openings in primary webs and wash bulkheads. 13 Bilge keels. 14 Miscellaneous.



INDEX OF STRUCTURAL DETAILS



Group 1. Connection of longitudinals to transverse webs



Example No.


Title


Figure No.



1


Web and flat bar fractures at cut-outs for longitudinal stiffener connections.


1



2


Side shell fractures at cut-outs for longitudinal stiffener connections.


2



3


Side shell fractures as Example No. 2 but due to single lug on underside.


3



4


Web and flat bar fractures as Example No. 1 but with face plate attached to underside of web. Flat bar lap welded.


4



5


Web and flat bar fractures as Example No. 1 but with face plate attached to underside of web. Flat bar butt welded.


5



6


Fractured side shell longitudinal at tripping bracket connection. No backing bracket.


6



7


Fractured side shell at tripping bracket. Backing bracket too small.


7



8


Bottom web and flat bar fractures at the cut-out for the longitudinal connections.


8



1-8


Additional Notes.


9-11



Group 2. Connection of longitudinals to plane transverse bulkheads



Example No.


Title


Figure No.



1


Fractured side shell longitudinal. Bulkhead horizontally stiffened.


12



2


Fractured bulkhead end bracket at side shell. Bulkhead horizontally stiffened.


13



3


Fractured side shell longitudinal at forward transverse bulkhead.


14



4


Fractured side shell longitudinal at transverse bulkhead.


15



1-4


Additional Notes.


16-17



Group 3. Connection of longitudinals to corrugated transverse bulkheads



Example

No.


Title


Figure

No.



1


Bulkhead fractured at toe of horizontal flat bar stiffener. Vertically corrugated bulkhead.


18



1


Additional Notes.


19



2


Bulkhead fractured at passage of side longitudinal. Bulkhead horizontally corrugated.


20



2


Additional Notes.


21



Group 4. Connection of longitudinals to floors in double bottom



Example No.


Title


Figure No.



1


Fractured stiffener connection to bottom and inner bottom longitudinals.


22



1


Additional Notes.


23



54

Group 5. Fore peak structure



Example No.


Title


Figure No.



1


Fractured vertical web at longitudinal stiffener ending in way of the parabolic bow structure.


24



2


Fractured stringer end connection in way of the parabolic bow structure.


25



3


Fracture at the end of the side longitudinal ending in way of bow structure.


26



4


Fracture at toe of bracket connection to stringer platform.


27



5


Fractured and buckled bow transverse web frame in way of longitudinal cut-outs.


28



1-5


Additional Notes.


29



Group 6. Longitudinal girder end brackets



Example No.


Title


Figure No.



1


Fractured bottom centreline girder at the end bracket connection to O.T. bulkhead.


30



2


Fractured and buckled buttress in way of bracket connection to O.T. bulkhead.


31



1-2


Additional Notes.


32



3


Fractured vertical web bracket connection to bottom centreline girder.


33



3


Additional Notes.


34



4


Buckled and fractured vertical web and bottom centreline girder bracket connection.


35



4


Additional Notes.


36



5


Fractured bottom girder brackets in way of pipe openings.


37



5


Additional Notes.


38



6


Fractured and buckled bottom side girder in way of end connection to O.T. bulkhead.


39



6


Additional Notes.


40



7


Fractured intercostal bottom girder fitted without bracket in way of wash bulkhead.


41



7


Additional Notes.


42



55

Group 7. Transverse web frame end brackets



Example No.


Title


Figure No.



1


Fractured wing tank deck transverse bracket. Continuous face plate.


43



2


Fractured wing tank deck transverse bracket. Face plate sniped.


44



1-2


Additional Notes.


45-46



3


Fractured centre tank bottom transverse end bracket. Asymmetrical face plate.


47



4


Fractured centre tank bottom transverse end bracket. Symmetrical face plate.


48



5


Fractured wing tank bottom transverse end bracket. Asymmetrical face plate.


49



3-5


Additional Notes.


50-51



Group 8. Primary web face plate end connections



Example No.


Title


Figure

No.



1


Fractured centre tank deck transverse.


52



2


Fractured centre tank bottom transverse.


53



1-2


Additional Notes.


54-55



3


Fractured centre girder at intersection with the bottom transverse.


56



3


Additional Notes.


57



Group 9. Cross-ties and their end connections



Example No.


Title


Figure

No.



1


Fractured and buckled web plate and fractured face plate.


58



1


Additional Notes.


59-60



56

Group 10. Transverse bulkhead horizontal stringer



Example No.


Title


Figure

No.



1


Fractured face plate and web at the radiused end brackets. Vertically corrugated bulkheads.


61



2


Fractured web of stringer at the radiused bracket in way of centreline vertical web.


62



1-2


Additional Notes.


63



3


Fractured centre tank stringer bracket connection to the longitudinal bulkhead.


64



3


Additional Notes.


65



4


Fractured wing tank stringer bracket and side shell longitudinal in way.


66



4


Additional Notes.


67-68



5


Fractured web of buttress at connection to shell.


69



5


Additional Notes.


70



Group 11. Transverse bulkhead stiff ener/primary web intersection



Example No.


Title


Figure No.



1


Fractured web at cut-outs for vertical stiffener.


71



2


Fractured flat bar connection to vertical stiffener.


72



1-2


Additional Notes.


73



Group 12. Lightening holes and openings in primary webs and wash bulkheads



Example No.


Title


Figure

No.



1


Buckled and fractured centre line vertical web and stringer in way of intersection.


74



2


Fractures in way of lightening hole in stringer platform.


75



3


Fractured web of bottom transverse in way of lightening holes.


76



4


Fractures of longitudinal flume/swash bulkhead plating at openings.


77



5


Fracture at corner of flume opening in longitudinal bulkhead.


78



1-5


Additional Notes.


79-80



57

Grouo 13. Bilge keel



Example No.


Title


Figure No.



1


Fractures in continuous bilge keel and ground bar.


81



2


Fracture in continuous bilge keel and flat bar.


82



3


Fracture in continuous scalloped flat bar for intermittent bilge keel.


83



1-3


Additional Notes.


84



Group 14. Miscellaneous



Example

No.


Title


Figure No.



1


Shell fracture at sniped ends of bilge longitudinals.


85



1


Additional Notes.


86



2


Fractured butt welds in shell and bottom longitudinals.


87



2


Additional Notes.


88



58

LOCATION: EXAMPLE No. 1 :


Connection of longitudinals to transverse webs

Web and flat bar fractures at cut-outs for longitudinal stiffener connections
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FACTORS CONTRIBUTING TO DAMAGE
1.      Asymmetrical connection of flat bar stiffener resulting in high peak stresses at the heel of the stiffener under fatigue loading.

2.      Insufficient area of connection of longitudinal to web plate.

3.      Defective weld at return around the plate thickness.

4.      High localised corrosion at areas of stress concentration such as flat bar stiffener connections, corners of cut-out for the longitudinal and connection of web to shell at cut-outs.

5.      High shear stress in the web of the transverse.

6.     Dynamic sea way loads/ship motions.



FIGURE 1

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 1



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 2


Connection of 

longitudinals to transverse webs 

Side shell fractures at cut-outs for longitudinal stiffener

connections
GROUP

No. 1
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FACTORS CONTRIBUTING TO DAMAGE
1) Insufficient area of connection of longitudinal to web plates.

2) Defective weld at return around the plate thickness.

3) Localised corrosion associated with the stress concentrations in way of the longitudinal connection of web to shell.

4) Dynamic sea way loads/ship motions.

FIGURE 2

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 2



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 3:
Connection of longitudinals transverse webs -

Side shell fractures as Example No. 2 but due to single lug on

underside
GROUP

No.

1
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FACTORS CONTRIBUTING TO DAMAGE
1.      Single lug fitted into bosom of longitudinal (instead of at. the heel side) resulting in greater deflections of the longitudinal due to dynamic loads and therefore higher stress at the upper edge of the cut-out adjacent to the shell.

2.      Fracture in web flat bar stiffener connection resulting in greater deflection of longitudinal.

3.      Defective weld at return around the plate thickness.

4. Dynamic sea way loads/ship motions.

FIGURE 3

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 3



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Connection of longitudinals to transverse webs

Web and flat bar fractures as Example No. 1 but with face plate attached to underside of web. Flat bar lap welded


GROUP No.

1
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FACTORS CONTRIBUTING TO DAMAGE
1.      Asymmetrical connection of flat bar stiffener resulting in high peak stresses at the heel of the stiffener under fatigue loading.

2.      Higher tensile longitudinal resulting in greater stresses.

3.      Fabricated longitudinal with welding onto the exposed edge of the web resulting in poor fatigue strength of the connection of the longitudinal to the flat bar.

4.      Insufficient area of connection of longitudinal to web plate.

5.      Defective weld at return around the plate thickness.

6.      High localised corrosion at areas of stress concentration, such as flat bar stiffener connection, corner of cut-out for longitudinal and connection of lug to shell at cut-outs.

7.      High shear stress in the web of the transverse.

8. Dynamic sea way loads/ship motions.

FIGURE
4

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 4



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 5:
Connection of longitudinals to transverse web-

Web and flat bar fractures as Example No. 1 but with face plate attached to underside of weh- Flat har butt welded


GROUP

No.

1
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FACTORS CONTRIBUTING TO DAMAGE
1) Asymmetrical connection of flat bar stiffener resulting in high peak stresses at the heel of the stiffener under fatigue loading.

2) Higher tensile steel longitudinal resulting in greater stresses.

3) Fabricated longitudinal with welding onto the exposed edge of the web. resulting in poor fatigue strength of the connection of the longitudinal to the flat bar.

4) Insufficient area of connection of longitudinal to web plate. 

5) Defective weld at return around the plate thickness.

6) High localised corrosion at areas of stress concentration, such as flat bar stiffener connection, corner of cut-out for longitudinal and connection of lug to shell at cut-outs.

7) High shear stress in the web of the transverse,

8) Dynamic sea way loads/ship motions,

FIGURE 5

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 5



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 6;


Connection of longitudinals to transverse webs^

Fractured sideshell longitudinal at tripping bracket connection. No backing bracket.


GROUP No. 1
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FACTORS CONTRIBUTING TO DAMAGE
1) Asymmetrical connection of bracket resulting in high peak stresses at the heel of the single large bracket under fatigue loading.

2) Higher tensile steel longitudinal resulting in greater stresses.

3) Fabricated longitudinal having the face plate attached to the underside of the web (where fitted) and with welding onto the exposed edge of the web. This results in poor fatigue strength of the connection of the longitudinal web to the tripping bracket. See Examples Nos. 4 and 5.

4) Defective weld at return around the plate thickness.

5) Increased stress if only a single connection is employed in way of the transverse web cut-outs. See Examples Nos. 1 and 3.

6) Dynamic sea way loads/ship motion.

FIGURE 6

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 6



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 7:


Connection of longitudinals to transverse webs

Fractured side shell at tripping bracket. Backing bracket too small.


GROUP No. 1
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FACTORS CONTRIBUTING TO DAMAGE

1) Asymmetrical connection of bracket in association with a backing bracket which is too small. This results in high stress at the toe of the smaller bracket under fatigue loading.

2) Higher tensile steel side longitudinal resulting in greater stresses.

3) Fabricated longitudinal having the face plate attached to the underside of the web (where fitted) and with welding onto the exposed edge of the web. This results in poor fatigue strength of the connection of the longitudinal web to the tripping bracket. See Example No. 4.

4) Defective weld at return around the plate thickness.

5) Increased stress if only a single connection is employed in way of the transverse web cut-outs. See Examples Nos. 1 and 3.

6) Dynamic sea way loads/ship motions.



FIGURE 7
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FIGURE 7



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No.

8


Connection of longitudinals to transverse webs.

Bottom web and flat bar fractures at the cut-out for the

longitudinal connections


GROUP

No. 1
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FACTORS CONTRIBUTING TO DAMAGE

1) Dynamic sea way loads/ship motions.

2) Insufficient area of connection of longitudinal to web plate.

3) Defective weld at return around the plate thickness.

4) High localised corrosion at areas of stress concentration such as the flat bar stiffener connection and corners of the cut-out for the longitudinal.

5) High shear stress in the web of the transverse.

FIGURE 8
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FIGURE 8



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

Connection of longitudinals to transverse webs 1 THROUGH 8

GROUP No. 1


ADDITIONAL NOTES
1. REPAIR NOTES

1.1. Fractured web plates and flat bar stiff eners are generally to be cropped and pan renewed. Smaller fractures may be repaired by welding after the ends of the fractures have been located by NDT (and optionally stop drilled). Welds are to be ground flush and checked by NDT. A full collar should be fitted to remove the stress concentration associated with the cut-out corners.

1.2. Shell plating fractures may be repaired by cropping and part renewing or by welding. Where welding is employed the fracture should be gouged out, with the ends located by dye penetrant. The quality of the welding should be checked by NDT.

1.3. Fractured longitudinals should be cropped and part renewed. In general a welded repair is not recommended.

1.4. The connection of the additional lug to the longitudinal should be as long as possible consistent with obtaining good access around the lug for welding.

1.5. Backing brackets fitted behind flat bar stiffeners should have a leg length between 1 and 1.5 times the flat bar stiff ener depth.

1.6. Particular attention should be paid to quality of welding, especially at return of welds around plate thicknesses.

FIGURE 9
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FIGURE 9



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:


Connection of longitudinals to transverse web's 1 THROUGH 8



GROUP No. 1



ADDITIONAL NOTES
2. ALTERNATIVE REPAIRS

2.1. If the flat bar stiffener requires to be cropped and part renewed, this may be replaced by a bracket incorporating a soft nose at the longitudinal together with the recommended backing bracket.

2.2. Backing bracket may incorporate a soft nose ending. Edge stiffening may be omitted provided a suitable increase in the bracket is incorporated.

2.3. Where the transverse web plate requires part renewal in way of the cut-out a larger radius may be incorporated into the corner of the cut-out to reduce the stress concentration.

2.4. In Example No. 2 where the shell fractures are repaired by welding in accordance with 1.2, the lower edge of the web cut-out may not require to be modified and a smaller lug may be fitted.
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1.1. In cases where fractures have initiated at the heel of tripping brackets (Examples Nos. 6 and 7) the stress concentration may be further reduced by increasing the radius at the top of the notch in the bracket.

1.2. In Example No. 8 the additional lug may be omitted if required for drainage, provided sufficient area of connection can be maintained through the use of the backing bracket.

FIGURE 10
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FIGURE 10



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

Connection of longitudinals to transverse webs 1 THROUGH 8

GROUP No. 1


ADDITIONAL NOTES
2. UNSUCCESSFUL REPAIRS

3.1     Rewelding of fractures without reinforcement. In this case the fatigue fracture may re-occur in a shorter time interval than the original fractures.

3.2     Reinforcement fitted, but fractures from the cut-out corner are rewelded without a full collar being fitted. In this case the stress concentration at the corner radius still exists and is made worse by the addition of a new weld. Thus in spile of the reinforcement, and therefore lower nominal stresses, the fractures may re-occur.

3.3     Additional brackets fitted to the flat bar stiffener, but on the same side as the stiffener instead of on the reverse side as a backing bracket. In this case, although the nominal area of connection of a stiffener to longitudinal is increased, the asymmetry of the connection is also increased which may make the extra bracket ineffective, leading to a re-occurrence of fractures. This is similar to cases where fractures have occurred in way of tripping bracket connections (see Example No. 6).

4.    NEW CONSTRUCTION
4.1     Adopt generous radii at corners of cut-outs.

4.2    Provide top and bottom connections of side shell longitudinals to web frames at least within the ballast to deep load line draughts.

4.3     Incorporate a generous area of flat bar to provide a good connection to absorb pillar load from the longitudinal or, alternatively, fit backing brackets.

4.4    Avoid fabricated longitudinals having the face flat welded to the underside of the web. (Where this type is adopted a backing bracket is recommended).

4.5     Provide adequate panel stiffening of transverse web plating in the region of longitudinal cut​outs to minimise flexing.

4.6 Ensure properly completed weld returns around the plate thickness at stiffener and web/lug connections.

FIGURE 11
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FIGURE 11



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 1:


Connection of longitudinals to plane transverse bulkheads

Fractured side shell longitudinal. Bulkhead horizontally stiffened


GROUP

No. 2
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FACTORS CONTRIBUTING TO DAMAGE

1) Asymmetrical connection of bracket in association with a backing bracket which is too small. This results in high stress at the toe of the smaller bracket under fatigue loading.

2) Higher tensile steel longitudinal resulting in greater stresses.

3) Fabricated longitudinal having the face plate attached to the underside of the web (where Fitted) and with welding onto the exposed edge of the web. This results in poor fatigue strength of the connection of the longitudinal web to the bracket.

4) Horizontally stiffened transverse bulkhead causing increased end moments at the side shell longitudinal connection resulting from loading on the transverse bulkhead.

5) Deflection of the adjacent side shell transverse under load.

6) Defective weld at return around the plate thickness.

7) Dynamic sea way loads/ship motions.

FIGURE 12

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 12



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 2:


Connection of longitudinals to plane transverse bulkheads

Fractured bulkhead end bracket at side shell. Bulkhead horizontally stiffened.


GROUP No. 2
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FACTORS CONTRIBUTING TO DAMAGE

1. Large unconnected ending of bulkhead stiffener associated with an asymmetrical connection resulting in high stresses at the heel of the stiffener and the bracket.

2. Horizontally stiffened transverse bulkheads causing increased end moment at the side shell longitudinal connection resulting from loading on the transverse bulkhead.

3. Deflection of the adjacent side shell transverse under load.

4. Defective weld at return around plate thickness.

5. Dynamic-sea way loads/ship motions.

FIGURE 13
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Connection of longitudinals to plane transverse bulkheads Fractured side shell longitudinal at forward transverse bulkhead


GROUP No. 2
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FACTORS CONTRIBUTING TO DAMAGE

1) Under-designed end bracket.

2) Higher tensile steel side shell longitudinal resulting in greater stresses.

3) Fabricated longitudinal having the face plate attached to the underside of the web (where fitted) and with welding onto the exposed edge of the web. This results in poor fatigue strength of the connection of the longitudinal to the bracket.

4) Deflection of the adjacent side shell transverse under load.

5) Defective weld at return around the plate thickness.

6) Dynamic sea way loads/ship motions of forward end of ship.

FIGURE 14
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Connection of longitudinals to plane transverse bulkheads Fractured side shell longitudinal at transverse bulkhead buttress


GROUP No. 2
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FACTORS CONTRIBUTING TO DAMAGE

1) Under-designed end bracket.

2) Higher tensile steel side shell longitudinal resulting in greater stresses.

3) Fabricated longitudinal having the face plate attached to the underside of the web (where fitted) and with welding onto the exposed edge of the web. This results in poor fatigue strength of the connection of the longitudinal web to the bracket.

4) Defective weld at return around the plate thickness.

5) Dynamic sea way loads/ship motions.

FIGURE 15
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:


Connection of longitudinals to plane transverse bulkheads 1 THROUGH 4


GROUP No. 2



ADDITIONAL NOTES
1. REPAIR NOTES

1) Fractured longitudinals should be cropped and part renewed. In general a welded repair is not recommended.

2) Backing brackets should have a generous soft nose design at connection to the side longitudinal.

3) Backing brackets in Examples Nos. 1 and 2 should be aligned with the horizontal bulkhead stiffeners.

4) The bulkhead fracture in Example No. 2 should be gouged out and the end of the fracture located by NDT. The weld quality should also be checked by NDT.

5) 1.5    In Example No. 3 the bracket toe at the bulkhead should be adequately supported by structure on 2.     ALTERNATIVE REPAIRS
6) In Example No. 1 the welded backing bracket may be lapped to the longitudinal but alignment should be maintained with horizontal transverse bulkhead stiffeners by the use of a further flat bar.
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FIGURE 16
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:


Connection of longitudinals to transverse btilkheads 1 THROUGH 4


GROUP No. 2



ADDITIONAL NOTES
2.1. In Example No. 2 where the fractures at the notch in the bracket are small, consideration may be given to removing them using an enlarged notch. The end of the fractures are to be located using NDT.

3. UNSUCCESSFUL REPAIRS
3.1. Rewelding of fractures without adequate reinforcement can lead to a re-occurring of the fractures.

3.2. Backing brackets which are too small or do not incorporate a soft nose design may initiate fracture from the bracket toe.

4. NEW CONSTRUCTION
4.1. Provide generous backing and end brackets.

4.2. Ensure that the webs of horizontal transverse bulkhead stiffeners are connected to the side shell longitudinals.

FIGURE 17
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 1:


Connection of longitudinals to corrugated transverse bulkheads

Bulkhead fracture at toe of horizontal flatbar stiffener.

Vertically corrugated bulkhead.


GROUP

No. 3
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FACTORS CONTRIBUTING TO DAMAGE

1. Sniped stiffener ending close to corrugation knuckle forming a hard spot under deflection of the corrugation and rotation of the longitudinal.

2. Insufficient stiffener end connection at the knuckle in the corrugation.

3. Dynamic seaway loads/ship motions.

FIGURE 18
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1


Connection of longitudinals to corrugated transverse bulkheads

Bulkhead fractures at toe of horizontal flatbar stiffener. Vertical corrugated bulkhead


GROUP No. 3



ADDITIONAL NOTES

1. REPAIR NOTES
1.1. The fracture is to be gouged out and welded, then checked by NDT. In the case of several fractures in the same area the bulkhead should be cropped and part renewed.

1.2. Horizontal stiffener to be cropped back in way of sniped end. Alternatively stiffener may be renewed or part renewed.

1.3. Horizontal stiffener to be welded to new vertical flatbar stiffener.

2. ALTERNATIVE REPAIRS
2.1. None known.

3. UNSUCCESSFUL REPAIRS
4. 3,1     Welding of fractures without modifications will probably lead to re-occurrence.

5. NEW CONSTRUCTION
5.1. Arrange vertical flatbar stiffeners at an appropriate distances between the longitudinal and the first corrugation to support the toes of horizontal flatbars or brackets fitted to the longitudinals.

FIGURE 19
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 2:


Connection of longitudinals to corrugated transverse bulkheads

Bulkhead fractured at passage of side longitudinal. Bulkhead horizontally corrugated.


GROUP No. 3
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FACTORS CONTRIBUTING TO DAMAGE

1) Inadequate connection between side longitudinal and horizontal corrugation.

2) Large span of horizontal corrugation.

3) Dynamic seaway loads/ship motions.

FIGURE 20
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 2:

Connection of longitudinals to corrugated transverse bulkheads

Bulkhead fractured at passage of side longitudinal. Bulkhead horizontally corrugated.

GROUP No 3



ADDITIONAL NOTES

1. REPAIR NOTES
1.1. Fractures to be gouged out carefully welded and checked by NDT. In case of several cracks in the same area, bulkhead should be cropped and part renewed.

2. 1.2    Flat bars to be fitted and welded between shell longitudinal. 2.     ALTERNATIVE REPAIRS
2.1. Where side longitudinal and corrugation spacings are not aligned and longitudinal pass close to corrugation, consideration may be given to fitting flat bars between the longitudinal and in line with the longitudinal face plates as shown below:

[image: image17.png]NEW FLAT BARS





3.    UNSUCCESSFUL REPAIRS
3.1    Rewelding of fractures without reinforcement will probably lead to re-occurrence. 4.     NEW CONSTRUCTION
4.1     Attach side longitudinals by brackets to a line of vertical diaphragm plates fitted into the bosom of the corrugations. This will provide an efficient connection between the longitudinals and the horizontal corrugations.

4.2 Align where possible the longitudinal and bulkhead corrugations to avoid longitudinals passing through the bulkhead near to knuckles. Welding in cold-deformed zone in way of knuckles may cause ageing of material, i.e. material becomes brittle and prone to fractures.

FIGURE 21
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1:

Connection of longitudinals to floors in the double bottom

Fractured stiffener connection to bottom and inner bottom longitudinals

GROUP No 4
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FACTORS CONTRIBUTING TO DAMAGE

1) Asymmetric connection leading to high local stresses at the connection of vertical stiffeners of the transverse floors to the inner and outer bottom longitudinals. Wide slot for longitudinal leads to inefficient lug connection.

2) Sharp corners or flame-cut edges producing a notch effect.

3) Incomplete/defective weld at stiffener connection to the longitudinals.

4) Dynamic sea way loads/ship motions.

FIGURE 22
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 1:


Connection of longitudinals to floor in the-double bottom

Fractured stiffener connection to bottom and inner bottom

longitudinals.


GROUP

No. 4



ADDITIONAL NOTES
1. REPAIR NOTES
1.1. Where fractures in the toe of the stiffeners follow the line of weld to the longitudinal, repair by arc gouging to beyond end of crack and rewelding will be required. In case of larger fractures into the parent material of the stiffener, the material will be either cropped and part renewed or renewed completely. Particular attention should be paid to the welding at the stiffener.

1.2. Additional lugs should be added similar to group 1 repairs.

1.3. Brackets of equal thickness to the vertical stiffener will be required between the longitudinal and transverse floor in the same plane as the floor stiffening. All edges must be ground smooth including the scallop cut-outs.

2. ALTERNATIVE REPAIRS None known.
3. UNSUCCESSFUL REPAIRS
3.1. Rewelding of cracks without reinforcement brackets may lead to a rapid re-occurrence of fractures.

3.2. Fittings of a single large bracket to the transverse floor and longitudinal on the side opposite to the vertical stiffener may lead to a migration of the region of high stress to the opposite edge of the stiffener toe connection to the longitudinal.

3.3. Single brackets fitted on the side of the vertical stiffener will reduce the stress peaks but fatigue fractures may still occur.

3.4. A vertical lug connecting the longitudinal to the transverse floor does not reduce the high stress concentration sufficiently in view of the wide slot on this arrangement.

4. NEW CONSTRUCTION
4.1. Provide double lugs for all inner bottom and bottom connections of floors to longitudinals. Cut-outs for longitudinals in floors should be kept as small as possible.

4.2. Ensure flat bar stiffening provides a good connection onto the longitudinals. Alternatively, consider adopting brackets with ground cut-outs and generous radii.

FIGURE 23

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 23



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1:

Forepeak structure

Fractured vertical web at the longitudinal stiffener ending in way of the parabolic bow structure

GROUP No. 5
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FACTORS CONTRIBUTING TO DAMAGE

1. Stress concentrations at bracket endings due to inadequate support at bracket toes in way of connection to web frame members.

2. Localised thinning in way of coating failure at bracket endings due to flexing of the structure.

3. Dynamic seaway loadings at bow causing flexing at bracket endings.

FIGURE 24
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATfON: EXAMPLE No. 2:


Forepeak structure

Fractured stringer end connection in way of the parabolic bow structure


GROUP No. 5
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FACTORS CONTRIBUTING TO DAMAGE

1. High stress concentration at connection of stringer to stiff girder/deep web intersection due to discontinuity of face plate.

2. Localised thinning in way of coating failure at stringer connection due to flexing of the structure.

3. Dynamic seaway loadings at bow causing flexing in way of detail

FIGURE 25
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Forepeak structure Fracture at end of longitudinal at bow structure


GROUP No. 5
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FACTORS CONTRIBUTING TO DAMAGE

1. Inadequate brackets forming the longitudinal endings at bow structure.

2. Localised thinning in way of coating failure at longitudinal endings due to flexing of the structure.

3. Dynamic seaway loadings at bow causing flexing at longitudinal endings.

FIGURE 26
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No.

4
Forepeak structure

Fracture at toe of web frame bracket connection to stringer

platform bracket


GROUP

No.

5
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FACTORS CONTRIBUTING TO DAMAGE

1. Inadequate bracket forming the web frame connection to the stringer.

2. Localised thinning in way of coating failure at bracket due to flexing of the structure.

3. Dynamic seaway loadings in way of bow flair.

FIGURE 27
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 5:

Forepeak structure

Fracture and buckle of bow transverse web frame in way of longitudinal cut-outs

GROUP No. 5
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FACTORS CONTRIBUTING TO DAMAGE

1. Localised thinning in way of coating failure at cut-outs and sharp edges due to working of the structure.

2. Dynamic seaway loadings in way of bow flair.

FIGURE 28
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION : EXAMPLE No.:

Forepeak structure 1 THROUGH 5

GROUP No.
5


ADDITIONAL NOTES
1. REPAIR NOTES
1.1. Plating in way of fractures should be cropped and renewed. Where corrosion losses have contributed to the fracturing, increased thickness of plating should be considered.

1.2. Particular attention should be paid to the quality of welding especially at return of welds around the plate thickness.

1.3. Where sniped flat bar endings are fitted, the snipe should be reviewed to ensure a gradual taper of at least 1:3.

1.4    Protective coatings in way of repairs should be restored. 

2.     ALTERNATIVE REPAIRS
2.1 For Example No. 2, the face flat bracket can be lapped onto the web frame plating rather than but ted. Overlap should be about 50 mm.

2.1 For Example No. 3, the ends of the longitudinals can be tied together using a continuous web and face flat across the web frame.

3 UNSUCCESSFUL REPAIRS
1. Gouging and welding of the fractures without the indicated modifications may lead to re-occurrences of the fractures.

2. Gouging and welding of the fractures instead of plate renewal, even with the indicated modifications, will provide improved performance but re-occurrences of the fractures can be expected due to additional stress concentrations in way of the weld-up.

4NEW CONSTRUCTION
4.1 For Example No. 1, provide adequate support for the bracket endings.

4.2  For Example No. 2, avoid ending face plates short of web plating at the intersections of stiff girders and deep webs and ensure a proper bracketed ending is provided to the stringers.

4.3 For Examples Nos. 3 and 4, provide adequate soft nose bracket endings with a face plate taper of at least 1 : 3.

4.4 For Example No. 5, provide sufficient attachment and web panel stiffening to absorb dynamic loads enhanced by bow flare shape.

FIGURE 29
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1:


Longitudinal girder end brackets

Fractured bottom centre line girder at the end bracket connection to O.T. bulkhead


GROUP No. 6
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FACTORS CONTRIBUTING TO DAMAGE

1. Stress concentration at bracket toe.

2. Insufficient taper on sniped end of bracket face plate.

3. High nominal stress level in the longitudinal girder.

FIGURE 30
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 2:


Longitudinal girder end brackets

Fractured and buckled buttress in way of bracket connection

to O.T. bulkhead.


GROUP

No.

6
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FACTORS CONTRIBUTING TO DAMAGE

1. Panel stiffening on girder web not fitted in way of bracket toe.

2. Stress concentration at bracket toe.

3. Local drydocking loads.

FIGURE 31
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

Longitudinal girder end brackets 1 THROUGH 2

GROUP no. 6


ADDITIONAL NOTES
1. REPAIR NOTES
1.1    Toe of bottom girder end bracket should be cropped back and a larger radiused toe insert fitted. Where close to the bottom transverse tripping bracket, insert should connect to tripping bracket (see Example No. 1). Face plate taper should be at least 1:3.

1.2    Fractured web plate of bottom girder should be cropped and an insert fitted.

1.3    Fractured face plate of bottom girder should be cropped and part renewed.

1.4     Panel stiffening should be fitted to new insert to line up with tripping brackets and panel stiffening of centreline girder.

1.5     Where the panel stiffening of the girder web is insufficient additional stiffening should be fitted to align with toe of bracket.

2.    ALTERNATIVE REPAIRS
2.1    If fracturing of the web of bottom girder is not extensive, the fracture may be stop drilled, gouged and welded and then checked by NOT.

2.2    A doubler plate may be fitted to web plating after welding the fracture to provide additional reinforcement.

2.3 Existing bracket may be increased in size rather than renewed. 

3.     UNSUCCESSFUL REPAIRS
3.1     Doubler plate in lieu of insert plate at face plate under toe of bracket.

Inserts or doubler plates without modification to bracket to reduce stress concentration effect.

4.     NEW CONSTRUCTION

4.1 Minimise stress concentration by gradual change in section of primary members.

4.2 Avoid abrupt bracket toe ending and provide face plate tapers of at least 1:3.

FIGURE 32
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Longitudinal girder end brackets

Fractured vertical web bracket connection to bottom centreline girder


GROUP No. 6
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FACTORS CONTRIBUTING TO DAMAGE

1.    Inadequate end bracket to vertical web resulting in high nominal stress.

2. Bracket toe having inadequate taper resulting in stress concentration.

FIGURE 33
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Longitudinal girder end brackets

Fractured vertical web bracket connection to bottom centreline girder


GROUP No. 6



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     Leg of bracket connecting to bottom girder should be extended to align with existing panel stiffening on bottom girder and incorporate a generous soft nose. Face plate taper should be at least 1 : 3.

1.2     Bracket toe to bottom girder face plate to be attached by full penetration weld.

1.3     Panel stiffening of bracket should be incorporated as necessary. Panel on girder immediately in way of new bracket toe should have an additional vertical stiffener fitted.

2.    ALTERNATIVE REPAIRS
2.1     Sniped face plate of bracket may be cropped back and connected to girder face plate by full penetration welds. A vertical tripping bracket should then be fitted to the girder (see Example No. 4).

2.2 Bracket may be cropped back and part renewed to provide a larger bracket. 

3.     UNSUCCESSFUL REPAIRS
3.1     Toe of bracket cropped back and insert fitted without modification to bracket connection.

Fractures welded up without modification. 

4.     NEW CONSTRUCTION

4.1     Confirm bracket sizes by calculation.

4.3    Provide generous soft nose connection with face plate taper of at least 1:3.

FIGURE 34
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Longitudinal girder end brackets

Buckled and fractured vertical web and bottom centreline girder bracket connection


GROUP No. 6



[image: image27.png]TYPICAL DAMAGE

PROPOSED REPAIR

Z BOTTOM SHELL

CENTRE GIRDER

TRANSVERSE
BULKHEAD

™ T INSERT
i ] PLATES OF
i i INCREASED
i i_Al" THICKNESS
i
A A [}
w w BKT
, SECT 8-B
A Y
> 7 N\
w g \'::\' w
w
J 1
y .\
Nl Z. -
SLZ - -
ADDITIONAL
STIFFENERS
ONNECTED TO
(F:ACE PLATE ADDITIONAL STIFFENER

/1
VIEWA-A

{

W: TO BE CONNECTED




FACTORS CONTRIBUTING TO DAMAGE
1. Insufficient panel stiffening on vertical web.

2. Stress concentration at bracket toes with sniped face plate.

FIGURE 35
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Longitudinal girder end brackets

Buckled and fractured vertical web and bottom centreline girder connection


GROUP No. 6



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     Buckled and fractured area of vertical web should be cropped and an insert fitted.

1.2    Additional horizontal panel stiffening should be fitted to the vertical web, particularly in way of bracket toes.

1.3     Fractures in bracket toes should be cropped out and part renewed in way with the bracket face plate attached by full penetration welding to the girder/vertical web face plate. Backing stiffeners in way should be connected to the face plate to provide continuity for the connection bracket face plate.

2.    ALTERNATIVE REPAIRS
2.1     For the fractures in the brackets, larger brackets may be fitted retaining the sniped face plate (see Example No. 3).

3.    UNSUCCESSFUL REPAIRS
Web cropped and insert fitted without panel stiffening. 

4.     NEW CONSTRUCTION

4.1     Fit adequate panel stiffening, particularly at web plates adjacent to bracket toes.

4.2     Confirm bracket sizes by calculation.

4.4 Provide generous soft nose connection with face plate taper of at least 1 : 3 or connect bracket face plates to remove stress concentrations and include suitable backing stiffener to ensure continuity.

FIGURE 36
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 5:


Longitudinal girder end brackets

Fractured bottom girder brackets in way of pipe opening


GROUP

No.

6



[image: image28.png]TYPICAL DAMAGE

PROPOSED REPAIR

-t o

WEB AND

-—-—-—4}-FACE BAR'—

FRACTURED

BULKHEAD

PLATE FRACTURED
& BUCKLED

/]

FRACTURE

pu— - e—

BOTTOM SHELL

WEB FRAME

ENLARGED BKT.

EDGE DOUBLING
STIFFENING OF
PIPE HOLE

LINER PLAITE

1

PANEL
STIFFENER




FACTORS CONTRIBUTING TO DAMAGE
1. Insufficient throat through bracket in way of pipe opening.

2. Stress concentration at pipe opening.

FIGURE 37
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FIGURE 37



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 5:


Longitudinal girder end brackets

Fractured bottom girder brackets in way of pipe opening.


GROUP

No.

6



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1    Bracket should be cropped and replaced with bracket of longer leg and greater throat in way of pipe opening.

1.2    Fractures at vertical web face plate should be gouged and welded. Liner plate should be fitted as necessary. Where the girder face plate is fractured this should be cropped and part renewed.

1.3    New bracket should incorporate adequate panel stiffening and edge stiffening around the hole in the form of a doubler.

1.4    Shape of hole should be arranged with soft nose endings such that stress concentration is minimised.

1.5     Panel stiffening should be fitted to girder web in way of bracket.

2.    ALTERNATIVE REPAIRS None known.
3.    UNSUCCESSFUL REPAIRS
3.1     Fractured bracket replaced with one of similar size with pipe opening.

Fractures welded and doubler plate fitted to the bracket. 

4.     NEW CONSTRUCTION

4.1 Pay particular attention to the location of pipe openings and the structural configuration to ensure adequate bracket size and stiffening.

FIGURE 38
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 6:


Longitudinal girder end brackets

Fractured and buckled bottom side girder in way of end connections to O.T. bulkhead.


GROUP No. 6
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FACTORS CONTRIBUTING TO DAMAGE
1. Inadequately sized bracket connection at end of girder.

2. Insufficient panel stiffening on girder web in way of end bracket.

FIGURE 39
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 6:


Longitudinal girder end brackets

Fractured and buckled bottom side girder in way of end

connection to O.T. bulkhead


GROUP

No. 6



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     End connection should be modified by cropping buckled area and fitting new insert with larger radius to give increased size of end bracket.

1.2     Panel stiffening should be fitted vertically and diagonally in way of new end bracket.

1.3    Face plate taper at bracket toe should have a minimum taper of 1 : 3.

1.4     Vertical web in adjacent tank should be properly stiffened in way of new extended girder bracket toe.

2.    ALTERNATIVE REPAIRS
2.1     Web of girder and face plate may be cropped and inserts fitted and additional panel stiffening together with a new radiused bracket fitted above existing face plate to give increased connection.

3.    UNSUCCESSFUL REPAIRS
3.1     Additional panel stiffening only or fitting of a new insert to web without increasing the size of the bracket.

4.    NEW CONSTRUCTION
4.1 Girder bracket end connections should be confirmed by calculation and be adequately stiffened.

FIGURE 40
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 7:


Longitudinal girder end brackets

Fractured intercostal bottom girder fitted without an end bracket in way of the wash bulkhead.


GROUP No. 6
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FACTORS CONTRIBUTING TO DAMAGE
1. Inadequate end connection of girder to the wash bulkhead.

FIGURE 41
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 7:


Longitudinal girder end brackets

Fractured intercostal bottom girder fitted without an end bracket in way of the wash bulkhead


GROUP No. 6



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     Fractured face plate should be cropped and an insert fitted.

1.2     Fractured web of the girder should generally be cropped and insert fitted.

1.3     Additional radiused bracket with edge and panel stiffening should be fitted to give a larger bracket connection of girder end to the wash bulkhead.

2.    ALTERNATIVE REPAIRS
2.1    Where the fractured weld connection of girder web is small this may be gouged out and welded with full penetration weld then confirmed by NDT and bracket fitted.

3.    UNSUCCESSFUL REPAIRS
3.1     Gouging out and welding fractured face plate and web without additional bracket.

4.    NEW CONSTRUCTION
4.1 Provide end brackets to intercostal girders at connections to all transverse supporting members.

FIGURE 42
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



1 LOCATION: f EXAMPLE No. 1:


Transverse web frame end brackets

Fractured wing tank deck transverse bracket. Continuous face plate.


/ GROUP No.
7
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FACTORS CONTRIBUTING TO DAMAGE
1. Abrupt reduction of face plate thickness and width.

2. Taper and butt weld in face plate located in corner radius where high stresses exist.

3. Stress concentration due to scallop in the web plate.

4. Defective butt weld at face plate taper.

FIGURE 43
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 2:


Transverse web frame end brackets

Fractured wing tank deck transverse bracket. Face plate sniped.


GROUP

No.

7
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FACTORS CONTRIBUTING TO DAMAGE
1.      Stress concentration at bracket face plate sniped end.

2. Defective weld or material at the face plate snipe.

FIGURE 44
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

Transverse web frame end brackets 1 AND 2

GROUP No. 7


ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     It is recommended that the web plate in way of the fracture be cropped and part renewed.

1.2    Example No. 1:

New butt welds in the face plate should be kept clear of the bracket radius.

1.3    Example No. 2:

New backing stiff ener to be in line with the existing stiff ener. The same applies to tripping brackets.

2.    ALTERNATIVE REPAIRS
2.1    Example No. 1:
In addition to cropping and part renewing, the heavier face plate may be carried fully around the bracket radius and connected with a 1 : 3 taper to the smaller face plate.

2.2    Example No. 2:

Consideration can be given to cropping the sniped bracket face plate and connecting it to the deck transverse if the existing structural arrangement permits the necessary backing stiffener to be incorporated.
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FIGURE 45
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

Transverse web frame end brackets 1 AND 2

GROUP No. 7


ADDITIONAL NOTES

3.    UNSUCCESSFUL REPAIRS
3.1    Rewelding of fractures without adequate reinforcement can lead to re-occurrence. 4.     NEW CONSTRUCTION
4.1    Example No. 1:

Locate tapered part of the face plate with butt weld away from the bracket radius where the highest stresses exist.

4.2    Example No. 2:

Connect bracket face plate to the face plate of the main transverse member with suitable backing brackets/stiffcner to provide continuity.

FIGURE 46
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Transverse web frame end brackets

Fractured centre tank bottom transverse end brackets. Asymmetrical face plate.


GROUP No. 7
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FACTORS CONTRIBUTING TO DAMAGE
1. Bracket face plate in way of toe with insufficient taper.

2. Localised corrosion at bracket toe.

3. Insufficient bracket size resulting in high nominal stress.

4. Deficient weld around bracket toe.

FIGURE 47
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Transverse web frame end brackets

Fractured centre tank bottom transverse end bracket. Symmetrical face plate


GROUP No. 7



[image: image35.png]-._....& ‘ [ FRACTURE

BOTTOM TRANSVERSE
END BRACKET

TYPICAL DAMAGE PROPOSED REPAIR
LONGITUDINAL
N\ A /BULKHEAD
! / ' -
FACE PLATE

TAPER MINIMUM 1 : 3

FULL PENETRATION
WELD

INSERTED PLATE
WITH INCREASED
THICKNESS

NEW TRIPPING
BRACKET

= NEW LUGS RECOMMENDED




—————-___________________i______________

FACTORS CONTRIBUTING TO DAMAGE
1. Bracket face plate in way of toe with insufficient taper.

2. Localised corrosion at bracket toe.

3. Insufficient bracket size resulting in high nominal stress.

4. Deficient weld around bracket toe.

FIGURE 48
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 5:


Transverse web frame end brackets

Fractured wing tank bottom transverse end bracket. Asymmetrical face plate.


GROUP No. 7
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FACTORS CONTRIBUTING TO DAMAGE
1. Bracket flange in way of toe with insufficient taper.

2. Localised corrosion at bracket toe.

3. Insufficient bracket size resulting in high nominal stress.

4. Deficient weld around bracket toe.

FIGURE 49
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION; EXAMPLE No.:

Transverse web frame end brackets 3 THROUGH 5

GROUP No. 7


ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     Brackets should be cropped and part renewed at fractured toe with plate of increased thickness. The increased insert should extend over the full length of the face plate taper and where possible beyond any new tripping brackets fitted.

1.2    Bracket toe should end beyond the adjacent bulkhead longitudinal cut-out in way.

1.3    Examples Nos. 3 and 5:

For guidance, the cross section (a) should be as close as practicable to the cross section area of the bracket face plate.

1.4    Examples Nos. 3 and 4:

Full penetration weld is recommended for the connection in way of the longitudinal bulkhead for the bracket toe insert.

1.5    Examples Nos. 3 and 4:

It is recommended that consideration be given to fitting additional lug connections to longitudinals in the wing tank in way of the centre tank bracket toe.

2.    ALTERNATIVE REPAIRS
2.1    Examples Nos. 3 and 4:

For old vessels, where localised corrosion has been the major factor, consideration may be given to fitting a local doubler at this longitudinal bulkhead in way of the bracket toe in association with a weld repair. Such a repair, however, should not be contemplated where fractures have initiated from the face plate snipe.

2.2    Example No. 5:

Bracket face plate may be cropped back and an insert fitted connected to the transverse face plate. The transverse tripping bracket in way should also be connected to the face plate to provide continuity.

3.    UNSUCCESSFUL REPAIRS
3.1 Refolding of fracture only will in general lead to re-occurrence.

FIGURE 50
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

Transverse web frame end brackets 3 THROUGH 5

GROUP No. 7


ADDITIONAL NOTES
4.    NEW CONSTRUCTION
4.1     Arrange brackets with generous soft nose having the face plate tapered a minimum of 1 : 3 and with adequate area (a) at the bracket toe.

4.2     Confirm bracket sizes by calculation. Where high local stress is anticipated, consideration should be given to including a thicker insert at the bracket toe with full penetration welding.

4.3     Arrange, where possible, small tripping brackets adjacent to the start of the bracket face plate taper to both support the face plate and absorb some of the face plate load before the taper.

4.4     For bracket toe connection to primary member face plates, consideration may be given to welding the bracket face plate direct without a snipe, provided suitable backing is provided in way on the transverse.

FIGURE

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS

51


LOCATION: EXAMPLE No. 1:


Primary web, face plate end connection Fractured centre tank deck transverse


GROUP No. 8
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FACTORS CONTRIBUTING TO DAMAGE
1. Sloshing loads on deck transverse.

2. Vibration.

3. Distance between the longitudinal'bulkhead and the deck transverse tripping bracket too long.

4. Defective weld at the face plate taper.

FIGURE 52
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 2:


Primary web, face plate end connection

Fractured centre tank, bottom transverse


GROUP

No.

8
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FACTORS CONTRIBUTING TO DAMAGE
1. Distance between longitudinal bulkhead and the bottom transverse tripping bracket too long.

2. Defective weld at the face plate taper.

FIGURE 53
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

Primary web, face plate end connection 1 AND 2

GROUP No. 8


ADDITIONAL NOTES
1.    REPAIR NOTES
1.1    In general, fractured web plates should be cropped and part renewed. Where fractures are small. consideration may be given to a weld repair after locating ends of fractures by NDT. Completed weld should also be confirmed by NDT.

1.2    Face plate taper should be a minimum of 1 : 3.

1.3    Where practicable it is recommended that a double lug be fitted in way of cut-out for bulkhead longitudinal in the wingtank.

2.    ALTERNATIVE REPAIRS
2.1     Where the longitudinal in the wing tank is aligned with the transverse face plate in the centre tank a double bracketed connection may be made as follows:
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FIGURE 54
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

1 & 2


Primary web, face plate end connection 


GROUP No. 8




ADDITIONAL NOTES
3.
UNSUCCESSFUL REPAIRS
3.1
ReweMing of fractures without proper cut-out in way of face opiate end can lead to re-occurrence. )
4.
NEW CONSTRUCTION
4.1
Fit tripping brackets to primary webs at toe of end brackets.

4.2
Connect the first panel stiffener to the transverse face plate.

4.3
Provide double lug connections to longitudinal in way of face plate ending of primary structures.

FIGURE 55
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Primary web, face plate end connection

Fractured centre girder at intersection with the bottom transverse.


GROUP No. 8
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FACTORS CONTRIBUTING TO DAMAGE
1. Hard spot at welded connection of transverse face plate to girder web.

2. Vibration.

3. Distance from girder to tripping bracket on bottom transverse too great.

4. Misalignment of face plates.

5. Defective weld of face plate to girder web.

FIGURE 56
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Primary web, face plate end connection

Fractured centre girder at intersection with the bottom transverse.


GROUP No. 8



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1    Fractured web plate should be cropped and pan renewed.

1.2    Ensure proper taper of face plate is at least 1:3.

1.3     First stiffener on bottom transverse from centreline should be a tripping bracket connected to the face plate.

1.4    Provide sufficient taper cut-out in transverse web to allow proper completion of weld around face plate taper end.

2.    ALTERNATIVE REPAIRS
2.1     Face plate may be cropped and part renewed continuous through the girder with the girder cropped and part renewed with slots to allow passage of face plate.

2.2    Face plate may be cropped and part renewed as in the original construction but with an additional horizontal flat bar added to connect the end of the girder flat to the adjacent vertical flat bar stiffener on the transverses (see sketch below).
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3.    UNSUCCESSFUL REPAIRS
3.1    Gouging out and welding only without modification can lead to re-occurrence. 4.     NEW CONSTRUCTION
4.1     Ensure proper continuity and alignment of face plate where this is welded either side of the girder. Alternatively snipe this face plate with a minimum 1 : 3 taper either side and cover continuity with a sufficiently sniped end bracket either side of the girder.

4.2    Fit tripping bracket at the toe of the bottom transverse end bracket connected to the face plate.

FIGURE 57
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1:


Cross-ties and their end connections Fractured and buckled web plate and fractured face plate


GROUP No. 9



[image: image42.png]TYPICAL DAMAGE

PROPOSED REPAIR

SIDE TRANSVERSE

FRACTURES

FRACTURED FACE PLATE
OR WEB PLATE AT CUT-
ouT

FRACTURE

NOTE: FRACTURES & BUCKLES NOT
NECESSARILY OCCURRING TOGETHER

ADDITIONAL STIFFENERS
FITTED ON PLANE SIDE
AS SHOWN

ADDITIONAL LUGS
FITTED AT SIDE
LONGITUDINALS

WEB PLATE CROPPED , d
AND PART RENEWED __/A /o | =
AS REQUIRED

WEB PLATE CROPPED
AND PART RENEWED AS
REQUIRED. CUT-OUTS

OMITTED OR BLANKED OFF, :
FRACTURED FACE PLATES & = = ™=
CROPPED AND PART RENEWED
WITH BUTTS CLEAR OF RADIUS

W: TO BE CONNECTED




FACTORS CONTRIBUTING TO DAMAGE
1. Face plate radius in way of the cross-tie too small leading to high stress under bending of vertical web and cross-tie.

2. Stress concentration at notches in web plate.

3. Localised corrosion of web plate particularly in ballast tanks leading to panel flexing and fractures.

4. Inadequate panel stiffening of web plate.

FIGURE 58
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE NO. 1:


Cross-ties and their end connections Fractured and buckled web plate and fractured face plate


GROUP No. 9



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     In cases where there are no fractures and only slight buckling which requires reinforcement, this should be fitted as indicated.

1.2    Where plating is fractured or requires renewal due to thinning over the full area, the following thickness guidance is given to ensure adequate panel buckling stability:

a)      When two or three cross-ties are fitted, the upper cross-tie and the centre cross-tie of three should have a panel breadth ratio B/t equal to or less than 60.

b)     The lower cross-tie of two or three or when only one is fitted should have a panel breadth ratio B/t equal to or less than 55.

Where plating is renewed to these thicknesses, the additional stiffening shown can be omitted.

1.3     In cases where plating is not adversely affected by corrosion and fractures are isolated, then a repair by cropping and local insert plates could be made in way of the fracture.

1.4     Where transverse tripping brackets to cross-ties are not connected to face plates, opportunity should be taken to connect these brackets, whether or not fractures have occurred.

1.5     Lightening holes and notches in the vicinity of the cross-ties should be filled in.

1.6    Additional lugs should be attached to the side shell and longitudinal bulkhead longitudinals (see proposed repairs under Group 1).

2.    ALTERNATIVE REPAIRS
2.1     A repair utilising doubling plates may be possible if the general condition of the cross-tie web frame structure is good. Additional stiffening is recommended in this case.

3.    UNSUCCESSFUL REPAIRS
3.1     Rewelding of cracks without additional stiffening or lugs, as described above, may lead to re-occurrence of the fractures.

3.2     Repairs to fractured plating at the ends of sniped stiff eners or tripping brackets connecting the brackets to the cross-tie face plates may lead to repeated fractures.

FIGURE 59
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 1:


Cross-ties and their end connections

Fractured and buckled web plate and fractured face plate


GROUP

No.

9



ADDITIONAL NOTES
4.    NEW CONSTRUCTION
4.1     Arrange large radii at the cross-tie face plates in way of the connection to the web frames to reduce stress concentrations, with butt welds in the face plate arranged clear of the radius.

4.2    Connect tripping brackets to the face plates in preference to sniping them clear.

4.3     Provide sufficient web thickness and panel stiffening to absorb the bending stresses induced at the ends of cross-ties.

4.4    Fit double lugs connecting the longitudinals with the web frames in the vicinity of the cross-ties.

4.5     Avoid lightening holes, particularly in the area of cross-tie connections.

FIGURE 60
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1:


Transverse bulkhead horizontal stringer

Fractured face plate and web at the radiused end brackets. Vertically corrugated bulkheads.


GROUP No. 10
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FACTORS CONTRIBUTING TO DAMAGE
1. Stress concentration in the web plate due to discontinuity in the face plate size and to increased general stress level at the radius.

2. Butt welds and notches in area of high stress concentration.

3. Inadequate size of stringer end bracket resulting in high general stress levels.

4. Dynamic loads on the bulkhead.

5. Localised corrosion at area of stress concentration.

FIGURE 61
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 2:


Transverse bulkhead horizontal stringer

Fractured web of stringer at the radiused bracket in way of centreline vertical web.


GROUP No. 10
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FACTORS CONTRIBUTING TO DAMAGE
1. Sloshing loads where tanks are partially filled.

2. Stress concentration in the web plate due to snipe at the tripping bracket and high general stress levels in way of the radiused end bracket.

FIGURE 62
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:


Transverse bulkhead horizontal stringer 1 AND 2


GROUP No. 10



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     Fractured web plates and/or face plates should be cropped and part renewed. Cut-out at notches should be blanked off.

1.2    Where in the fractured zone there is an abrupt variation of cross-sectional area of the face bar width and/or thickness, the new face plate is to be carried around the radius at the heavier section. At the butt weld to the smaller face plate a minimum taper of 1 : 3 should be arranged.

1.3     Butt welds in the face plate are to be shifted clear of the radius and notches avoided.

2.    ALTERNATIVE REPAIRS
2.1    None known.

3.    UNSUCCESSFUL REPAIRS
3.1     Welding of cracks without reinforcement will lead to a rapid re-occurrence of fractures.

4.    NEW CONSTRUCTION
4.1     Adopt, as far as practicable, a large radius to reduce stress concentration in the web plates where the stringer is designed with a rounded continuous face bar.

4.2     Adopt a soft nose design of the bracket toe where the stringer is designed with a straight continuous face bar. If the stringer is highly loaded, a thicker inset should be fitted at bracket toe.

4.3     Avoid welds and notches at areas of stress concentration.

4.4    Incorporate a smooth variation of section where cross-sectional area of the flange is reduced. The flange width should be tapered to a minimum of 1 : 3.

FIGURE 63
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 3:


Transverse bulkhead horizontal stringer

Fractured centre tank stringer bracket connection to the

longitudinal bulkhead


GROUP

No. 10
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FACTORS CONTRIBUTING TO DAMAGE
1. Stress concentration in the web of bracket where face plate is sniped, particularly where taper is inadequate.

2. Insufficient radius of bracket toe.

3. Insufficient thickness of web plating.

4. Dynamic loads on the bulkhead.

5. Localised corrosion at bracket toe in area of stress concentration.

6. Misalignment of bracket toe in way of longitudinal bulkhead.

7. Defective weld around plate thickness at bracket toe and at face plate snipe.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No.


Tranverse bulkhead horizontal stringer


GROUP

No. 10




3: Fractured centre tank stringer bracket connection to the





longitudinal bulkhead




ADDITIONAL NOTES                      ,
1.    REPAIR NOTES
1.1    The plate should be cropped and part renewed by a thicker insert.

1.2    The face plate should be cropped and part renewed and should incorporate a minimum taper of 1 : 3.

1.3     Where possible the radius of bracket toes should be increased. For guidance, the cross section (a) should be as close as practicable to the area of the face plate.

1.4    It is recommended the insert be connected to the longitudinal bulkhead by a full penetration weld.

1.5    A tripping bracket should be fitted to the face plate before the taper in alignment with a backing bracket on the other side of the longitudinal bulkhead.

2.    ALTERNATIVE REPAIRS
2.1     For older vessels, where localised corrosion has been the major factor, consideration may be given to fitting a local doubler at the longitudinal bulkhead in way of the bracket toe in association with the weld repair. Such a repair however should not be contemplated where fractures have initiated from the face plate snipe.

3.    UNSUCCESSFUL REPAIRS
3.1     Welding of fractures or renovation of bracket toe without reinforcement will lead to a rapid re-occurrence of fractures.

4.    NEW CONSTRUCTION
4.1     Design the bracket toes with as large a radius as possible to protect the face plate snipe.

4.2    For highly loaded stringers, incorporate bracket toes thicker than the adjacent web plating in way of the face plate snipe.

4.3    Taper the cross-sectional area of the face plate a minimum of 1 : 3.

4.4     Pit a tripping bracket before the sniped end of the face plate in order to increase the efficiency of the face plate.

4.5    The design with face plate welded to edge of the web plate is recommended so that the face bar may be carried around the bracket toe.

FIGURE 65
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Transverse bulkhead horizontal stringer

Fractured wing tank stringer bracket and side shell longitudinal in way


GROUP No. 10
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FACTORS CONTRIBUTING TO DAMAGE
1. Bad design of stringer connection to web frame with inadequate buttress size to absorb stringer end loads. This results in high stresses in the side shell longitudinal. This is the major contributory factor with the design illustrated.

2. Stress concentration in the web of bracket where face bar is sniped.

3. Dynamic loads on the bulkhead and side shell.

4. Localised corrosion of bracket toe at area of stress concentration.

FIGURE 66
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Transverse bulkhead horizontal stringer

Fractured wing tank stringer bracket and side shell longitudinal in way.


GROUP No. 10



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1    Fractured web plate of the longitudinal should, in general, be cropped and part renewed. Small fractures may be repaired by welding provided they are ground flush and checked by NDT.

1.2    The bracket should be pan renewed in order to connect it to the nearest transverse web frame to form an effective buttress as indicated with suitable stiffening.

1.3    A backing bracket should be added on the reverse side of the web frame connected to the side longitudinal if this is not already present.

2.    ALTERNATIVE REPAIRS
2.1    Existing bracket may be cropped away and a new full buttress and end bracket fitted as shown below:
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3.    UNSUCCESSFUL REPAIRS
3.1 Renewal of the longitudinal stiff ener with no modification of the bracket design.

FIGURE 67
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Transverse bulkhead horizontal stringer

Fractured wing tank stringer bracket and side shell longitudinal in way.


GROUP No. 10



ADDITIONAL NOTES
4.    NEW CONSTRUCTION
4.1     Ensure an effective buttress is arranged to transmit the end load from stringers to the adjacent vertical webs. Buttress to be sized on basis of calculated loads. Efficient panel stiffeners should be fitted.

FIGURE 68
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 5:


Transverse bulkhead horizontal stringer Fractured web of buttress at connection to shell


GROUP No. 10
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FACTORS CONTRIBUTING TO DAMAGE
1. Vibration of stringer web.

FIGURE 69
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 5:

Transverse bulkhead horizontal stringer Fractured web of buttress at connection to shell

GROUP No. 10


ADDITIONAL NOTES
1.    REPAIR NOTES
1.1    Fractured area should be cropped and part renewed and an insert fitted. Small fractures may be repaired by welding.

1.2    Additional bracket should be fitted to improve vibration stability of the buttress.

2.    ALTERNATIVE REPAIRS
2.1    None known.

3.    UNSUCCESSFUL REPAIRS
3.1    Web cropped out and insert fitted without reinforcement.

4.    NEW CONSTRUCTION
4.1  Fit adequate panel stiffening where vibration may be anticipated.

FIGURE 70
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1:


Transverse bulkhead stiffener/primary web intersection Fractured web at cut-outs for vertical stiffeners.


GROUP No. 11
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FACTORS CONTRIBUTING TO DAMAGE
1. Dynamic internal loads in full tanks due to ship motion.

2. Sloshing loads where tanks are partially filled.

3. High peak stresses in way of cut-out corners.

4. Insufficient area of connection for vertical stiffener.

5. Localised corrosion at areas of stress concentration.

6. High shear stress in the horizontal stringer web plate.

FIGURE 71
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 2:


Transverse bulkhead stiffener/primary web intersection Fractured flat bar connection to vertical stiff ener.


GROUP No. 11
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FACTORS CONTRIBUTING TO DAMAGE
1. Dynamic internal loads in full tanks due to ship motion.

2. Sloshing loads where tanks are partially filled.

3. Insufficient area of stringer web stiff ener.

4. Insufficient area of connection of vertical stiffener.

5. Bad return of weld around the stiffener plate thickness.

FIGURE 72
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No.:

1 & 2
Transverse bulkhead stiffener/primary web intersection


GROUP

No.

11



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     Fractured plates should in general be cropped and pan renewed. However, small fractures may be repaired by welding provided they are ground flush and a collar plate fitted to remove the stress concentration associated with the cut-out corners (see also Example No. 1 of Group 1).

1.2    The additional lug fitted should be as large as possible to improve the area of connection.

1.3     Particular attention should be paid to quality of welding especially at return of welds around the plate thickness.

2.    ALTERNATIVE REPAIRS
2.1     The partly renewed flat bar may be replaced by a bracket incorporating a soft nose together with the backing bracket recommended.

2.2    Where the stringer web plate is to be partly renewed in way of the cut-out, a larger radius may be incorporated into the corner of the cut-out to reduce the stress concentration.

3.    UNSUCCESSFUL REPAIRS
3.1     Welding the fracture or renewal of stringer web without reinforcement. In this case re-occurrence of the fatigue fracture will take place.

3.2    Additional collar plate or additional backing bracket may be not sufficient to reduce stress concentrations at the cut-out corners. According to the level of dynamic loads it may be necessary to fit both forms of reinforcement.

4.    NEW CONSTRUCTION
4.1     Adopt generous radii at corners of cut-outs.

4.2     Connect vertical stiffeners to horizontal stringers with flat bar or bulb flat stiffeners. Where high shear stresses and/or high dynamic loads are anticipated add additional lugs to the stiffeners.

FIGURE 73
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1:


Lightening holes and openings in primary webs and swash bulkheads Buckled and fractured centreline vertical web and stringer in way of intersection


GROUP No. 12
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FACTORS CONTRIBUTING TO DAMAGE
1. Corrosion losses in way of openings, leading to buckling of stringer and centreline girder, with fracturing in way of openings.

2. Stress concentrations in way of lightening holes.

3. Inadequate shear area in the vertical web.

FIGURE 74
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 2:


Lightening holes and openings in primary webs and swash bulkheads

Fractures in way of lightening hole in stringer


GROUP No. 12
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FACTORS CONTRIBUTING TO DAMAGE
1.      Corrosion losses causing thinning and knife-edging of plating surrounding holes.

2. Lack of material associated with too many holes close together leading to stress concentrations

FIGURE 75

TANKER STRUCTURE CO-OPERATIVE FORUM

FIGURE 75



SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Lightening holes and openings in primary webs and swash bulkheads

Fractured web of bottom transverse in way of lightening holes.


GROUP No. 12
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FACTORS CONTRIBUTING TO DAMAGE
1. Unstiffcned lightening holes too close to longitudinal cutouts causing stress concentrations in web plating.

2. Corrosion losses on edges of openings.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 4:


Lightening holes and openings in primary webs and swash bulkheads Fractures of longitudinal flume/swash bulkhead plating at openings


GROUP No. 12
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FACTORS CONTRIBUTING TO DAMAGE
1. Corrosion losses (aided by flume/swash action) causing thinning and knife-edging of plating surrounding openings.

2. Stress concentration at openings placed too close together.

3. Flexing of structure due to flume/swash action.

4. Lack of suitable stiffening around openings.

5. Inadequate shear strength and stiffness in the bulkhead.

RGURE 77
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION; EXAMPLE No. 5:


Lightening holes and openings in primary webs and swash bulkheads

Fracture at corner of flume in longitudinal bulkhead


GROUP No. 12
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FACTORS CONTRIBUTING TO DAMAGE
1. Overall shear distortion of bulkhead.

2. Stress concentration at corner of opening.

3. Corrosion losses due to flume action.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:

1 THROUGH 5


Lightening holes and openings in primary webs and swash bulkheads


GROUP No. 12



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     In general, plating in way of fractures should be cropped and renewed.

However, when the fractures are judged to be of a minor nature, gouging, welding and fitting of a doubler ring is acceptable (see Examples Nos. 2 and 4).

1.2    At the large opening (see Example No. 5) the opportunity should be taken to increase the radius at the corners to reduce the stress concentration. Care should be taken to ensure that any weld butts in inserts do not occur within a radius corner.

1.3    Where doubler rings are fitted, any knife-edging around the opening should be cropped, and the doubler ring sized to fit the larger opening. The inner radius of the ring should be 10 mm larger than the radius of the opening to allow a proper fillet weld.

1.4    Where the openings in the structure are not essential for drainage, access, passage or flume performance, they should be plated over (see Examples Nos. 1 and 3). Depending on the arrangement and location, additional stiffening may be required.

1.5     Particular attention should be paid to the quality of welding especially at return of welds.

1.6    For recurrent fractures, notch tough steel should be considered.

1.7     Protective coatings in way of repairs should be restored.

1.8    Structure as shown in Examples Nos. 1 to 4 were encountered on older vessels (15 years plus), and are generally not used in present practice. Fracturing was quite common especially when corrosion losses affected the material in way of openings.

2.    ALTERNATIVE REPAIRS
2.1     Instead of doubler rings, the holes can be plated over or new plating can be fitted in way of multiple openings such as those in Examples Nos. 1, 2 and 4. Increased thickness of plating, notch tough steel and/or additional stiffening should be considered to prevent re-occurrence of the cracking.

3.    UNSUCCESSFUL REPAIRS
3.1     Simple gouging and rewelding of fractures will lead to re-occurrence of the fractures.

3.2     For Example No. 5, repairs utilising smaller sized insert plates resulting in butts within the radius. corner were not successful, and resulted in fractures along the weld of the insert plate and into existing plating.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No.:


Lightening holes and openings in primary webs and swash bulkheads

1 THROUGH 5


GROUP No. 12



ADDITIONAL NOTES
4.    NEW CONSTRUCTION
4.1     Avoid excessive lightening holes to prevent stress concentrations in primary webs and bulkheads. In large openings provide as big a radius at corner as possible.

4.2     Properly stiffen flume and swash openings to account for sloshing forces. Consider increased thickness of scantling to offset accelerated corrosion losses.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 1:


`Bilg Keel Fracture in continuous bilge keel & ground bar


GROUP

No. 13
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FACTORS CONTRIBUTING TO DAMAGE
1. Defective butt welds.

2. Contact damage to bilge keel.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 2:


Bilge keel

Fracture in continuous bilge keel and flat bar


GROUP

No.

13
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FACTORS CONTRIBUTING TO DAMAGE
1. Defective butt welds.

2. Contact damage to bilge keel.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 3:


Bilge keel

Fracture in continuous scalloped flat bar for intermittent bilge keel


GROUP No. 13
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_______________________I_________

FACTORS CONTRIBUTING TO DAMAGE
1. Defective butt welds.

2. Defective fillet weld in flat bar at notch.

3. Stress concentration associated with notch in flat bar.

4. Contact damage to bilge keel.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:
EXAMPLE No.:

1 THROUGH 3

Bilge keel

GROUP
No.
13


ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     Crack arresting holes should be drilled through the butt welds to have a minimum diameter of 25 mm and extend beyond the fore and aft extent of the butt weld. These holes should also be used to examine the butt weld penetration to confirm welds have full penetration.

1.2    Where fractured bilge keel butt welds are found, all the remaining butt welds to be checked by NDT.

1.3    In carrying out butt welds in the bilge keel flat bar or ground bar adjacent to the shell, care should be taken to avoid direct connection between the shell and me butt weld, by means ot a temporary backing strip of copper, asbestos etc.

2.    ALTERNATIVE REPAIRS
2.1     As an alternative to the drilled holes the butt weld may be confirmed by full NDT.

2.2    Where the bilge keel is lap welded to a flat bar (Example No. 2), the hole in the bilge keel butt weld may be omitted provided the bilge keel is scahopea clear of the flat bar at the butt weld.

3.    UNSUCCESSFUL REPAIRS
3.1     Introduction of scallops adjacent to the shell when repairing butt welds leads to fractures due to stress concentrations.

4.    NEW CONSTRUCTION
4.1    Fit where possible a bilge keel arrangement incorporating a ground bar as shown in Example No. 1.

4.2     Ensure all butt welds in ground bars and bilge welds are full penetration.

4.3    Confirm all butt welds by NDT.

4.4    The use of scallops adjacent to the shell or shell ground bar should be avoided.

4.5     Where bilge keels are discontinued in way of erection butts keep the tapered ends clear of shell butts. Support all tapered ends of bilge keels by stiffening inside the tank.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 1:


Miscellaneous Shell fracture at sniped ends of bilge longitudinals.


GROUP No. 14
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FACTORS CONTRIBUTING TO DAMAGE
1. Longitudinal stopped too short of bilge bracket in unstiffed panel.

2. Stress concentration at longitudinal toe.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 1:


Miscellaneous

Shell fracture of sniped ends of bilge longitudinals.


GROUP

No.

14



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1    Fractured weld should be gouged and welded and confirmed by NDT.

1.2    Snipe of longitudinal should be cropped back and extended by a lapped plate to connect to the bilge bracket.

2.    ALTERNATIVE REPAIRS
2.1     Longitudinal may be cropped back and new piece fitted extending longitudinal to next bilge bracket or transverse member.
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3.    UNSUCCESSFUL REPAIRS
3.1  Rewelding fractures without extension of longitudinal. 

4.     NEW CONSTRUCTION

4.1     Design details at ends of longitudinals with special attention to taper.

4.2    Keep sniped ends to within approximately 25 mm of transverse member. Alternatively, connect ends of longitudinal to adjacent bilge bracket.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION:

EXAMPLE No. 2:


Miscellaneous

Fractured butt welds in shell and bottom longitudinals.


GROUP

No.

14
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FACTORS CONTRIBUTING TO DAMAGE
1. Defective return weld at butt of longitudinal.

2. Defective weld due to wide gap at erection butt prior to welding.
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SUBJECT: CATALOGUE OF STRUCTURAL DETAILS



LOCATION: EXAMPLE No. 2:


Miscellaneous Fractured butt welds in shell and bottom longitudinals


GROUP No. 14



ADDITIONAL NOTES
1.    REPAIR NOTES
1.1     Fractured longitudinals should be cropped and insert fitted. Butt of new insert should not coincide with shell butt.

1.2    Fractured shell butt should be gouged, welded and checked by NDT. Where the fracture is extensive or has propagated into the plate, the shell plating in way should be cropped and part renewed.

1.3    Where slots in longitudinal are not required for drainage they should be omitted. 2.     ALTERNATIVE REPAIRS
2.1    Opening at the shell butt weld may be omitted with the weld dressed smooth in way of the longitudinal connection. If required a drain hole may then be cut clear of the bottom shell.

3.    UNSUCCESSFUL REPAIRS
3.1    Welding of fractures in longitudinal may lead to re-occurrence of fracture. 4.     NEW CONSTRUCTION
4.1    Return welds should be completed.

4.2    Run-off plates should be used where appropriate.

4.3     Erection butt of longitudinal and shell plate should be staggered if practical.
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