2A: Hull Structure

In compliance with the IMO resolution MSC.349(92) and
MEPC.237(65), RO Code, Appendix 2.
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-Surveys and Inspections
Class/Statutory Survey Other Surveys/Inspections

4

® Port State Control (PSC)

4

® |[nitial Survey (IS)

® QOwners

® Annual Survey (AS)

® Flag State (AS|
® Intermediate Survey (InS) ag state (A5)

® |
® Docking Survey (DS) adlici

® Chart
® Occasional Surveys (OS) okl

® Ship Vetting

® Qil Major



-Surveys and Inspections

® Initial Survey (IS) - before the vessel enters into service.

® Annual Surveys (AS) - to be held within 3 months (range dates) before or after each anniversary or due date of the applicable
certificate (Hull, SAFCON, ILL).

® Intermediate Survey (InS) — to be held within the 3 months before or after the anniversary date on the 27 or 3/ year.

® Special/Renewal Survey - to be held every 5 years on or before the expiry date of the applicable certificate (Hull, SAFCON, ILL)
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Certification (valid term: 5 years) !

Period established to commence and
complete the Special/Renewal Survey

Harmonized System of Survey and Certification (HSSC)



-How to inspect Hull Damages?

Type of Inspection/Test

Type of Damages

-

« General visual inspection

« Close-up inspection
e Thickness Measurement
* Pressure Test

« Non Destructive Test (NDT)
- Radiographic equipment
- Ultrasonic equipment
- Magnetic particle equipment
- Dye penetrant



-How to inspect Hull Damages?




-How to inspect Hull Damages?

Visual Inspection




-How to inspect Hull Damages?
Visual Inspection




-How to inspect Hull Damages?

Close Up Survey (Cherry Picker)




-How to inspect Hull Damages?

Close Up Survey (Temporary Stage)




-How to inspect Hull Damages?

Close Up Survey (Raft Survey)




-Damage Evaluation

Management Company and
Ship's Master are to assess the
damage taking account of:

® Safety of personnel

® Proximity to shore

® Weather and sea conditions

® Availability of repair tools/material

® Threat of pollution



-Mandatory notification under MARPOL

Pollution, or potential for pollution which could affect a coastal area

Inform as per SOPEP/SMPEP

The Government of the coastal area



-Actions to be taken by the Master
Damage found

Investigation of Cause/Extent
water ingress or/and Qll

Emergency

. measures
Pollution

Report to owners/manager
Remedial Class/Statutory
measures Survey

Notice to relevant
parties



-Actions to be taken by the Master

Ships are subject to Occasional Survey when main parts of the hull have been
damaged or need to be repaired.

Damage related to Class
Request attendance by an ICS Surveyor to maintain the ship's seaworthiness.

Damage not related to Class
Take actions in accordance with SMS.

SMS: Safety Management Systems



-Request for Class/Statutory Survey

Ship's Master

Report

Request

Management Company

Request

ICS Class Head Office




-Service Network
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ICS Class has more than 70 surveyors/auditors that carry out all
the tasks relating to class and statutory surveys.



-Evaluation by Surveyor

» Any damage with wastage over the allowable limits; or

» Extensive areas of wastage over the allowable limits

To be promptly and thoroughly repaired.



-Evaluation by Surveyor

Areas to be considered: —

bottom structure and bottom
plating;

" side structure and side plating;

> deck structure and deck

plating;

" watertight or oiltight
bulkheads, etc.



-Evaluation by Surveyor

When permanent repairs are impossible due to:

‘_9

Possibility of intended voyage

‘_9

Treatment of cargoes (unloading/shift)

» Necessary temporary repairs

Conditions of voyage (towing, escort, etc.)
Timing of permanent repairs.

Then

Set out outstanding recommendations.
To be cleared up by the due date.

IMPORTANT: The ILL and SAFCON may be affected. The Flag State Administration (FSA) shall be
informed and the issuance of Conditional Certificates will be applicable under the Authorization of the
FSA. (refer to Statutory Notice No.106 - Procedures for the Issuance of Conditionals Certificates)



-Temporary Repairs

Temporary Repairs may It is not possible to proceed to
be carried out in the sh|pyard due to:
following cases when: Serious damage that impairs

seaworthiness

- Threat of harm to the marine
environment; or

[t is not possible to implement

permanent remedial measures at

shipyard due to:

- Unavailability of repair
yards/facility

- Unavailability of
materials/equipment/spare parts



-Temporary Repairs

» For ensuring water tightness
— Doubling / Patch up (by welding/bolting)
— Cement Box ‘
— Wedge / Caulking

» For ensuring strength
— Doubling
— Stiffening il
— Stop hole (arresting cracks)i =
— Welding _q




-Permanent Repairs

Methods:

® Renewal

® Partly renewal
® Fair in place

® Re-welding

® Modification

Conditions:

® Agreed repair plans

® Approved material (steel plate &
welding)

® Approved welding procedures

® Qualified welders

® NDT/Watertight Test



-Permanent Repairs

Voyage Hull Repairs

® Before repair

- Survey planning meeting with a surveyor

- Agreed upon plan kept on board

- Verification of materials and qualified welders

® During repair
- Shipboard survey by a surveyor for primary structures

® After repair
- Confirmation survey by the surveyor



3. Hull Damage




-Cause of damage

Sea Casualty

Hull Damage

General Damage



-Cause of damage

1. Sea Casualty 1. Sink

2. Capsize
3. Flooding
4. Cargo shift
5. Collision
6. Stranding

/. Fire/Explosion



-Cause of damage

2. General Damage 1. Corrosion
2. Design
3. Vibration
4. Slamming
5. Workmanship
6. Loading/Ballasting
7. Mishandling
8. Heavy Weather

9. Others Unknown



-Cause of damage

0 0.4% Kind of Cause
B 0.6%

@ 0.7%
W 1.4%
O 1.6%

03.1%

-l 8.2%

W 13.6%

B Corrosion

B Design

O Vibration

0 Mishandling

B Heavy Weather

B Slamming

B Workmanship

O Loading/Ballasting
B Others

Statics taken from ClassNK



-Types of damage
Corrosion ) glrt‘tllf%m corrosion

- Brittle fracture

Crack - Ductile fracture
- Fatigue

Buckling/Deformation

Vibration

Statics taken from ClassNK



-Examples of Hull Damage




-Examples of Hull Damage (Corrosion Example 1)

CORROSION

DAMAGE EXAMPLE 1

CORROSION IN THE HOLD FRAME
OF BULK CARRIERS



-Examples of Hull Damage (Corrosion Example 1)

Cape Size Bulk Carrier with Single Skin
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-Examples of Hull Damage (Corrosion Example 1)

Collapse of Hold Frame




-Examples of Hull Damage (Corrosion Example 1)

Collapse of Hold Frame
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-Examples of Hull Damage (Corrosion Example 1)

Hold frame corrosion process

Process to produce acids

~-Hold Frame

Coal
self-heating

Moisture

vl

Condensed to dews

React with sulfur
in coal

Acids




-Examples of Hull Damage (Corrosion Example 2)

CORROSION

DAMAGE EXAMPLE 2

GALVANIC CORROSION IN BOW
THRUSTER DUCT



-Examples of Hull Damage (Corrosion Example 2)

VS Mild Steel

5UUSSUS stands for Steel Use
Stainless (stainless steel Material)



-Examples of Hull Damage (Corrosion Example 2)




-Examples of Hull Damage (Corrosion Example 2)

Sea water

Modu I 2AH Il Structure Rev 1
ICS Cla a member of InterMant



-Examples of Hull Damage (Corrosion Example 2)

Examples of Repair

- Both metals are insulated from electrolytes by not only an
anodic metal coating but also a cathodic metal coating.

- Different kind metals are made electrically nonconductive
via insulation etc.

- |f it is not necessary to use several kind materials, it is
possible to modify with only a single type of metal.



-Examples of Hull Damage (Corrosion Example 3)

CORROSION

DAMAGE EXAMPLE 3

LOCAL CORROSION AROUND UPPER
DECK OF AN OIL TANKER



-Examples of Hull Damage (Corrosion Example 3)

Selectively and Heavily
Corrosion in Water
Ballast Tank

Possibility of
SERIOUS INCIDENT




-Examples of Hull Damage (Corrosion Example 3)

Heavy localized corrosion of the ballast water tank




-Examples of Hull Damage (Corrosion Example 3)

Corroded and Holed Area
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The coating breaks down more easily at the block joint than other areas



-Examples of Hull Damage (Corrosion Example 3)

This is especially true for the upper parts of the ballast water tank

Heavy localized corrosion of ballast water tank

Air pockets under ballast condition accelerates the corrosion on the
upper parts of the ballast tank




-Examples of Hull Damage (Corrosion Example 3)

In cases where there are corrosive cracks on the upper deck plates or
main construction members of the upper deck, such as above two cases

must be carefully treated to avoid serious casualties.

In case where corrosion and coating break down limited in scope, the
damage should be properly inspected and the parts maintained as
necessary.




-Examples of Hull Damage (Crack Example 1)

CRACK

DAMAGE EXAMPLE 1

CRACK IN OIL TANKER DECK STORE



-Examples of Hull Damage (Crack Example 1)

Aframax Oil Tanker
Length: 200m Age 15+ years
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-Examples of Hull Damage (Crack Example 1)

' L.BHD Line

Front Wall of
Deck Store



-Examples of Hull Damage (Crack Example 1)
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-Examples of Hull Damage (Crack Example 1)

Deck House
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-Examples of Hull Damage (Crack Example 2)

CRACK

DAMAGE EXAMPLE 2

CRACK IN A BULK CARRIER INNER
BOTTOM PLATE



-Examples of Hull Damage (Crack Example 2)

Panamax size Bulk Carrier Age:10 Years
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-Examples of Hull Damage (Crack Example 2)

at intersection of lower




-Examples of Hull Damage (Crack Example 2)

Leakage from Double Bottom Tank




-Examples of Hull Damage (Crack Example 2)

No.4 Cargo/Ballast Hold

Repeated high stress at the connection between lower
stool and tank top plate in heavy ballast condition




-Examples of Hull Damage (Crack Example 2)




-Examples of Hull Damage (Crack Example 3)

CRACK

DAMAGE EXAMPLE 3

CRACK IN DOUBLE BOTTOM TANK OF
CAR CARRIER



-Examples of Hull Damage (Crack Example 3)




-Examples of Hull Damage (Crack Example 3)
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-Examples of Hull Damage (Crack Example 4)

CRACK

DAMAGE EXAMPLE 4

CRACK IN DOUBLE BOTTOM TANK OF
CONTAINER CARRIER




-Examples of Hull Damage (Crack Example 4)




-Examples of Hull Damage (Crack Example 4)

F.B.
/ INNER BOTT.
[ || _rs
s Sl F.B
BASE LINE

The snip end of L.Stiffener near manhole might cause
high stress & cracks and their propagations




-Examples of Hull Damage (Crack Example 4)

Countermeasure

— D l__ V/i INNER BOTT.
SR PO Be RSN (B Fofenis S PRAR SR e ool (O 1.
h—-at-—-ﬁ. .! ._G.. /H:_.M_ F B
} 1 | | BASE LINE

Crack

~ The doubling plates fitted around the manholes

~ The end shape of L.Stiffener changed to clipped
end and connected to V.Stiffener




-Examples of Hull Damage (Crack Example 5)

CRACK

DAMAGE EXAMPLE 5

CRACK IN A BULK CARRIER BILGE
HOPPER TANK



-Examples of Hull Damage (Crack Example 5)

Panamax Size Bulk Carrier Age: 10 years
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Damaged




-Examples of Hull Damage (Crack Example 5)




-Examples of Hull Damage (Crack Example 5)




-Examples of Hull Damage (Crack Example 5)

No.3 Bilge Hopper Tank is located under the
No.4 Cargo/Ballast Hold

High stress in heavy ballast condition




-Examples of Hull Damage (Crack Example 5)

Effective reinforcement to increase fatigue life

Add. Bkt




-Examples of Hull Damage (Crack Example 6)

CRACK

DAMAGE EXAMPLE 6

CRACK IN THE UPPER DECK OF AN OIL
TANKER



-Examples of Hull Damage (Crack Example 6)




-Examples of Hull Damage (Crack Example 6)




-Examples of Hull Damage (Crack Example 6)

Long hose rails are not capable of responding to hull deformations
which occur over time.

(e ‘ e
- 4 E" :
R L. . o
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Cracks occur due to repeated high‘hza“"a»~
stress along the edge of the plate. B



-Examples of Hull Damage (Crack Example 6)

A smoother welding bead is an effective coun?émecsure

-l- ’--Q-,.’ . -
.




-Examples of Hull Damage (Crack Example 7)

CRACK

DAMAGE EXAMPLE 7

CRACK ALONG CORRUGATED BULKHEAD
OF A CHEMICAL TANKER



-Examples of Hull Damage (Crack Example 7)

Example of cracked location

T. Bhd. T. Bhd. T. Bhd,

t LBnd

» :Crack along bead between = :Crack along bead between
L.Bhd and Inner bottom L.Bhd and Upper deck



-Examples of Hull Damage (Crack Example 7)

V. Corr. L. BHD .




-Examples of Hull Damage (Crack Example 7)




-Examples of Hull Damage (Crack Example 7)




-Examples of Hull Damage (Crack Example 7)

Stress around the corner of the corrugated bulkhead is high, affecting
the fatigue life of fillet welds.

Recommendation

» Improve the welding edge preparation of
the upper and lower edge of the
corrugated bulkhead; and

» Smooth welding surfaces by grinding to
prevent any reoccurrence of the
damage.




-Examples of Hull Damage (Crack Example 8)

CRACK

DAMAGE EXAMPLE 8

CRACK AT CENTER LINE CORRUGATED
BULKHEAD ON CHEMICAL TANKER



-Examples of Hull Damage (Crack Example 8)

Hull structure in cargo area
Deck
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Detail in and around access trunk
Access trunk aftt wall

[Plan]
Horizontal diaphragm plate
(Space about 2 m)

Horizontally corrugated L. BHD

Horizontally corrugated T. BHD

cctm trunk side wall

Access Trunk at the connection between T.BHD and L.BHD




-Examples of Hull Damage (Crack Example 8)

Jl. Crackin L. BHD

= Crack: Numeral shows crack length in mm

kLAJlJJE'

[Look1 ng forward] [ Looking aft]

diaphragmy:.
\_.,{Jlate

Aft wall of access trunk Front wall of access trunk Aft wall of access trunk

Crack in the vertical web connected to the access trunk




-Examples of Hull Damage (Crack Example 8)

Access trunk front wall




-Examples of Hull Damage (Crack Example 8)

Principle of knife edge stress concentration
C.L. diaphragm plate [Liquid]

'---------

Corrugated
L. BHD

Corrugated

L. BHD access trunk wall

Access trunk wall C.L. diaphragm plate
- Liquid pressure
=+ Membrane stress in BHD plating

x High stress cocentration at cross point {Knife edge stress concentration)

Stress Concentration at cross point



-Examples of Hull Damage (Crack Example 9)

CRACK

DAMAGE EXAMPLE 9

CRACK DUE TO VIBRATION IN
TRANSVERSE BULKHEAD IN FRESH
WATER TANK



-Examples of Hull Damage (Crack Example 9)

General Cargo Age: 5 Years

Damaged
Compartment

Fresh Water Tank (S)
Fore T. BHD




-Examples of Hull Damage (Crack Example 9)




-Examples of Hull Damage (Crack Example 9)




-Examples of Hull Damage (Buckling/Deformation Example 1)

BUCKLING /
DEFORMATION

BUCKLING/DEFORMATION EXAMPLE 1

SLAMMING DAMMAGE IN BOW FLARE
OF A CAR CARRIER



-Examples of Hull Damage (Buckling/Deformation Example 1)

Damaged locaton®)

Large flare in the forward body above the deckline.



-Examples of Hull Damage (Buckling/Deformation Example 1)

VYentilation duct

Fracturs Deformation
MNo. S car deck




-Examples of Hull Damage (Buckling/Deformation Example 1)

/

Deformation in No. S car deck

Fractured face plate

No. S car deck




-Examples of Hull Damage (Buckling/Deformation Example 1)




-Examples of Hull Damage (Buckling/Deformation Example 2)

BUCKLING /
DEFORMATION

BUCKLING/DEFORMATION EXAMPLE 2

BOW FLARE SLAMMING DAMAGE ON A
CONTAINER CARRIER



-Examples of Hull Damage (Buckling/Deformation Example 2)
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-Examples of Hull Damage (Buckling/Deformation Example 2)




4. Class/Statutory Survey Check Points
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-Survey Check Points: BULK CARRIERS

~ Deck Area ~
Hatch Opening Corner

Typical crack
ol Hatchend coaming

H3.coaming _.-

Tuypical crack at hatchcorner

a.Crack along hatch side: due to high tensile stress

b.Crack along hatchend: due to high torsional stress
¢c.Crackat fitting on hatchcorner plate

d.Crackornotchdue to corrosion/wastage or rubbing of wire
e.Crack due to welding defect

Special attention should be given to deck openings; the corners of cargo

hatch in particular.




-Survey Check Points: BULK CARRIERS

~ Deck Area ~

Hatch Opening Corner
| — |

T | Thick plate |

Fracture at welded seam

Special attention should be given to deck openings; the corners of cargo

hatch in particular.



-Survey Check Points: BULK CARRIERS

~ Deck Area ~
Hatch Side Coaming end bracket

Crack at toe of end bracket
End coaming Side coaming

Crack End Bkt

Special attention should be also given to the toe of end bracket of the hatch

side coaming. Cracks in the end bracket may lead to more serious damage
such as fracture of the deck structure.




-Survey Check Points: BULK CARRIERS

~ Topside Tank Structure ~
Slant Plate of Top Side Tank
Special attention should be given to the slant plate of top
side tank where it connects to the Coll. BHD and E/R Fwd
BHD.

Damage plan (p&s, similar) = Upper deck

TST slant plate - e it 2 -

o L e
e ack Cargo hold__ ||
}in T. BHD

L.BHD in way of side FOT

———

\,

The above connections may crack due to the discontinuous structure



-Survey Check Points: BULK CARRIERS

~ Topside Tank Structure ~

Lowest Longitudinal in TST

W

Longitudinals
supported by
bracket

Pl \

O

Special attention should be
given to the lowest longl. at the
connection to the trans.web.

The lowest longl. is usually
supported by a bracket as shown
in figure, therefore a smaller
scantling may be adopted.



-Survey Check Points: BULK CARRIERS

~ Topside Tank Structure ~
Corner of T.Ring

ol

o
-t

.......

N

Areas of excessive corrosion,
and subsequentbuckling and/or
fracture

Special attention should be given to the corner of T.Ring. One possible cause

of damage is stress concentration at corner.



-Survey Check Points: BULK CARRIERS

~ Side Structure of the Cargo Hold ~

Upper & Lower toe of Hold Frame
Upper Bracket

Upper Bkt of hold frame

Special attention should be given to
/( upper & lower end of hold frame.

Main cause of probable damage is
TR stress concentration of load from sea
= Lower Bkt wave

- Lower Bracket




-Survey Check Points: BULK CARRIERS

~ Side Structure of the Cargo Hold ~
_— Frastures

Connection to Coll.BHD

Stiffener /

Side shell rame

Special attention should be
given to the bracket at the
connection to Coll.BHD of FPT.

S:5niped end of stiffener
C: Collar plate Supporting bracket may be

8
C
Collision bulkhead / cracked due to discontinuous
structure.

Cargo hold

Fo‘lpre peak tank/
space



-Survey Check Points: BULK CARRIERS

~ Side Structure of the Cargo Hold ~
_— Frastures

Connection to Coll.BHD

Stiffener /

Side shell rame

Special attention should be
given to the bracket at the
connection to Coll.BHD of FPT.

S:5niped end of stiffener
C: Collar plate Supporting bracket may be

8
C
Collision bulkhead / cracked due to discontinuous
structure.

Cargo hold

Fo‘lpre peak tank/
space



-Survey Check Points: BULK CARRIERS

~ T.BHD in Cargo Hold ~

Most instancesof damage in
T.BHD occur in these areas

N el Tat )

Upper & Lower part of T.BHD

Special attention should be given to
the upper & lower part of T.BHD at the
connection to the upper stool and
lower stool.

Cracks are caused by high cyclic
stress due to cargo or ballast in cargo
hold.



-Survey Check Points: BULK CARRIERS

~ T.BHD in Cargo Hold ~
Upper part of TBHD

Typical fracture/crack in upper area of T.BHD

(including intersection of upper stool and TST)
b) Fracture/crack at intersection

of T. BHD and upper stool
diaphragm —
\

Vi e \
é \
|| LY

L c)Fracture/crack at intersection of
o T.BHD, upper stool and TST slant plating

a) Fracture/crack at intersection of
upper stool and TST side wall

-




-Survey Check Points: BULK CARRIERS

~ T.BHD in Cargo Hold ~
Lower part of T.BHD

Typical fracture/crack in lower area of T.BHD
(including hopper plating and lower stool)
é) Fracture/crack at corner ot d) Fracture/crack in 1) Fracture/crack

rrugated BHD  in fillet weld
/ , of corrugated BHD

h) Fracture/crack

in vertical web
| in Tower stool
g) Fracture/crack at

f) Fracture/crack at intersection
lower end of stool

of lower stool and hopper plating



-Survey Check Points: BULK CARRIERS

~ D.Bottom Tank incl. Hopper Tank ~
Hopper Plate of Bilge Hopper Tank

Typical damage to the bilge hopper structure

Crack at intersection /
of D.B. top and hopper plating

'V.

3 _
Crack at intersection of floor,
-s‘igle girder, bracket etc.

Xin hopper plating -~ Z

Special attention should be
given to the connection
between the hopper plate and
the inner bottom plate.

- e e e S e s e e e




-Survey Check Points: BULK CARRIERS

~ D.Bottom Tank incl. Hopper Tank ~

Inner bottom longl. & bottom longl.

Lower stool

Bottom shell

Special attention should be given to the inner bottom longl. &
bottom longl. near the bilge well.



-Survey Check Points

L - B

WEEEEEE -




-Survey Check Points: Double Hull Oil Tankers

~ Deck Area ~

Deck Longlitudinal

Example of damage

Dk Tong: 30014

Dk trans.

Add. girder

Special attention should be given to the deck longl. at the
connection to the additional girder under the deck machinery.



-Survey Check Points: Double Hull Oil Tankers

~ T.BHD in Cargo Tank ~

Connection between T.BHD and L.BHD

T -4 HGI r

- A 1

Specialhéttention should be given to the connection between T.BHD and
outside L.BHD at the horizontal girder level.



-Survey Check Points: Double Hull Oil Tankers

~ T.BHD in Cargo Tank ~

Horizontal Girder Slots

Example of crack around

Example of crack
slot near access opening

around slot

T. BHD

-

'...---.-
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-
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Accessopening o

i L

Yertical stiffener

Special attention should be given to the slot on horizontal girders for
vertical stiffener penetration.



-Survey Check Points: Double Hull Oil Tankers

~ Wing Ballast Tank ~

Trans.Web

SIDE SHELL
VERTICALWEB |NNER HULL

ONGITUDINAL
BULKHEAD
b
—t -7 -
: J U L HORIZONTAL
P el “"'_'/ GIRDER
T - HOPPER
: 3 PLATE
R 1 N
| |
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Special attention should be given to the area around the manhole of the
trans.web in the wing ballast tank.



-Survey Check Points: Double Hull Oil Tankers

~ Bottom Ballast Tank incl. Hopper ~

Floor of the Double Bottom Tank

BRACKET

INNER BOTTOM FRACTURE

| |
| |
Lo od 4
FLOOR| L. . + A\~
| i

BOTTOM SHELL FRACTURE

Special attention should be given slot of Floor under Bracket associated
to L.BHD.



-Survey Check Points




-Survey Check Points: Container Carriers

~ Shell Plates ~

Shell Plates with internal structural members

Special attention should be given to buckling
damage at the shell plate internal structural
members due to bow flare slamming damage.



-Survey Check Points: Container Carriers

~ Deck Area ~

Deck Box Girder

Example of crack
. Hatch coaming top
g

W
Center hatch wauy
o

TN

2 |
/ : \‘\. Upperdeck
— \
/E" ek
/ '

Box girder bottom

o

T.BHD

Special attention should be given to the deck box girder.



-Survey Check Points: Container Carriers

~ Deck Area ~

Typical damage in hatch cover and hatch coaming Fracture in hatchend coaming top‘

intercostal type
hatch side coaming

Deformationin FB and ™
s1de wall of hatch cover

Fracture in

1
Crack in end Bkt of aresiid

hatch side coaming end hatch side coaming
and Up Dk house stiffener

Special attention should be given to hard spots of hatch
covers and hatch coamings




-Survey Check Points: Container Carriers

~ Cargo Hold ~

Area Around Container Socket on
Inner Bottom Plate
Damage plan Crack L =330 mm

DBT topinwayof No.1 cargo hold i- = -‘
T DA
ik e 4

Crack L=120 mm 7
~ Co ntamers'ocket Cmc"f 350 mm

AT ED A ;

|
| Centergirder

’ l
!

-

e Hagr: 2 Side ginder _
F]l// I/ Starboard/ Forward
Special attention should be given to the inner bottom
plate around the container sockets




-Survey Check Points: Container Carriers

~ Side Tank ~

Side Longl. in Side WBT

Example of crack in side long’l

S By oy e T o e e e e o ol el
c3EcEE! E E e E R e Ty e e

hd |
S 1

® Damaged location( p&s)
o :/ Tupeofcrack]
L_ —
— F 2 »
s L Side long'l
R i
| 7 .
i Trans. web
E-g\
. |3 .
R :FDamaged location{ p&s) Pt Tost
B re wx e e

- . S

Special attention should be given to the side longl. in the
side WBT of container carriers.



-Survey Check Points




-Survey Check Points: General Cargo Ships

~ Cargo Hold ~
2nd Deck in Cargo Hold

Damage plan Designed deck load on 2nd deck: 2.2 tons /m2

Deformation: 40~90 mm

Buckling deformation

Special attention should be given to 2nd deck of cargo holds.



-Survey Check Points




-Survey Check Points: Chemical Tankers

~ Cargo Tank ~
Damage plan

Cargo tank  XCrack in fillet welding bead: one side % Crack in fillet welding bead: both sides

..........

..........................

........

T . corrugated BHD
(SUS solid)

Sec B

[Example of crack]

. (SUS solid) [ Example of crack]
One side

Secr‘ﬁ Both sides

Inn.Bm plating

(SUS clad) Inn.Bm plating

Crack (SUS clad)

 ce——

Special attention should be given to the connection
between the Corr.BHD and the inner bottom plates.



-Survey Check Points: Chemical Tankers

~ Deck Area ~

Sketch of deformation in on-deck transverse Slightly bent to aftward

%elck trans.
Upper deck plate I

Local buckling
L. Bhd

Special attention should be given to bucking in On-Deck
Trans.



-Survey Check Points: Chemical Tankers

~ Cofferdam / Access Trunk ~

Special attention should be given to the cofferdam and
access trunk adjacent to heated cargo tanks







-Survey Check Points: Vehicle Carriers

~ Cargo Hold ~

Damage in W.T. BHD around W.T. door opening
n Damaged location  — - Crack

- — —

Rtﬂ:ki ng deformation
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Special attention should be given to water tight door openings in
bulkhead due to racking deformation from rolling



-Survey Check Points: Vehicle Carriers

~ Cargo Hold ~

Damage in W.T. BHD around W.T. door opening
n Damaged location  — - Crack

- — —

Rtﬂ:ki ng deformation
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Special attention should be given to water tight door openings in
bulkhead due to racking deformation from rolling



-Survey Check Points

OCEAN PEGASUS




-Survey Check Points: Chip Carrier

Midship consturctionq
Ord. frame Trans. web section

cartinn

~ Cargo/Ballast Hold ~

Side Stringers

i
No.1 side st Damage distribution

Trans. web

; Sec B pg 2 side st No. 2 side stringer{p)

Ordinary frame Crack in side stringer
No. 2 side stringer(s)

Sec C
Tripping bracke

. . N
N’ NS NN\

Special attentlonshould be given to slots of the side
stringers where they penetrate the hold frame.

(Damaged me £ | Crack in side shell
m
-

T. BHD




-Survey Check Points: Chip Carrier

~ Cargo/Ballast Hold ~

Cracks around the slot of side stringer

Example of crack on port side Crack inside shell

\ |

Crack in side stringer

Trans. web

-
e




-Survey Check Points: Chip Carrier

~ Cargo/Ballast Hold ~

Side Stringer

. Damage plan
Cargo/ballest hold
\ Damage location

o o - — ———

...................................

o
T. BHD -
M, Side shell
Hold frame :\J
\*
Knuckle line

Stiffening girder
of side stringer

No.1 or 2 side stringer

¢ Crack web frame

15 cracks among 16 locations

Special attention should be given to the connection
between the side stringer and T.BHD.




-Survey Check Points




-Survey Check Points: LNG Tanker

Lower End of Tank Cover
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Examples of Hull and Repairs

General Cargo Ship
Example of Upper Deck Regions

Sketch of damage

Sketch of repair

(example)

«4—  Heavy corrosion and tear
in hatch side coaming
bracket / hatch end coaming stay

Web plate of coaming end

bracket / coaming stay partly
renewed




Examples of Hull and Repairs

General Cargo Ship

Upper Deck Regions
Sketch of damage
Sketch of repair ' :
— _ _ 7) (A) Softened side coaming
bracket end, or

(B) Aaditional bracket

Crack in upper deck plate
at hatch side coaming end bracket
due to stress concentration.




Examples of Hull and Repairs

General Cargo Ship
Upper Deck Regions

Sketch of damage

Sketch of repair \\%“

\%\S\ Hatch coaming plate partly renewed

Corrosion and crack around
hole in hatch coaming top plate.




Examples of Hull and Repairs

General Cargo Ship
Upper Deck Regions

Sketch of repair

Holed / heavy corroded parts partly renewed

Sketch of damages

(A) Corrosion and hole in top plate of pontoon hatch covd
(B) Corrosion and hole in side plate / web plate of pontoq =

(C) Corrosion and hole in end plate / end face plate of pq 'S e




Examples of Hull and Repairs

General Cargo Ship

Upper Deck Regions
Sketch of damages Sketch of repair
Aé ~
— %
— |

an o/ il ’ :C;
e, B | C‘-" J

Aft. end plate partly renewed

:

Corrosion and hole in F'cle aff
front wall plate




Examples of Hull and Repairs

General

Cargo Ship

Cargo Hold Regions

Sketch of damage

Sketch of repair

Crack in shell plate resulted from fracture of hold
frame at the connection of lower bracket.

plate partly renewed

bracket

Vi / Hold frame and fractured shell [—*

| ____——— Renewed and modified

|

/

= ]

Crack initiated in

/ hold frame at junction

to the bracket due to
stress concentration and
developed to side

shell plate




Examples of Hull and Repairs

General Cargo Ship
Cargo Hold Regions

Sketch of repair

Sketch of damage Cracked shell
Crack in shell plate resulted from crack in plate partly
balancing bracket on the collision bulkhead. ; renewed

o - . s : :
, 3 .._" .|'.I' —ad i s
LS ASER I i Ul

A~

\M\ b~ «‘F _i»:-é.j: '
T T
| Extension \\ ‘ » '.;'t;_"
Collision bulkhead piece / N
Modified bracket

Crack in the br

Crack in shell plate ]




Examples of Hull and Repairs

General Cargo Ship

Cargo Hold Regions
Sketch of repair

Corroded / holed part of W.T.B.plates partly renewed
_Sketch of damage P piates partly

Corrosion / hole in W.T.B.plate e— : pre——
/\ ' | | I | |
l T : ; I | I | :
‘ f ‘ | | ! ; | ‘ | : | !
| | | | | | yoos | 1 | | ;
. } R J i | i 2nd Deck
. | T | ! ? h ! ! ! T ll | IL i
S sitegy | ! | L R
‘ + S— l i l | : | | | .
TR B : o | | | |
| | | | | | | | ]
| 1 1 | I 1)
kR - .
| | | | | | |
: | : 1 | | l I |
| | | | | | |
| | | | | | | y
: : | & i lI I
) ! | } ’ ) | ‘ i ) 1 | | >
1—1‘l—l‘l"’ | | 1'1 :'l l ' J l lJl

]

Corrosion / hole in W.T.B.plate




Examples of Hull and Repairs

General Cargo Ship

Cargo Hold Regions
Sketch of damage

W.T.BHD plate

Sketch of repair

I

Normal position Frames fallen sideways
MNormel position| 15 degrees 30 degrees 45 degree|
j 3. 15° j- 30" : 1 45

A 100 100 100 100
z 100 92.6 86. 1 577
1 100 89,7 58. 1 42 0|

ej Sress 100 108 151 174

[Fallen sideway BHD stiff

Def| ecti on 100 1.4 170.0 238.0

Module 2A Hull Structure Rev. 1
ICS Class is a member of InterMaritime®© all rights reserved.



Examples of Hull and Repairs

General Cargo Ship

Cargo Hold Regions
Sketch of damage

Crack in shell plate resulted from fracture of hold | I
Sketch of re pair frame at the connection of lower bracket.

|

. [ / Hold frame and fractured shell —» Crack initiated in
| PERAT plate partly renewed / hold frame at junction

| A to the bracket due to
ix stress concentration and
L E' e i developed to side
shell plate

|____— Renewed and modified
bracket




Examples of Hull and Repairs

General Cargo Ship
Cargo Hold Regions

Sketch of repair

Sketch of da mage Cracked shell
Crack in shell plate resulted from crack in plate partly
balancing bracket on the collision bulkhead. e renewed

Extension

Collision bulkhead piece

Modified bracket

Crack in the br

Crack in shell plate




Examples of Hull and Repairs

General Cargo Ship

Cargo Hold Regions
Sketch of repair

Corroded / holed part of W.T.B.plates partly renewed
___Sketch of damage
Corrosion / hole in W.T.B.plate , e ——
! 1 | 1 |
P i - ‘ o
< ER EERE f R
v oY I I ‘ | | I 2
| | B —r-‘*:_‘:——:) T Ee | o i 2nd Deck
— - | Bt | ! | §oo " ; | '
f : , — L, IL : I f | : : : | : !
: | I | , | ' | | i |
] | BRI
| : | : ' | b !
| b | I N S
| | | | | | I | | I )
| . | | l l | [
| o ' . S A
‘ bt b ) | + vty
| |t || : : } ! :_ : i : Iﬁl : :
|
Corrosion / hole in W.T.B.plate




Examples of Hull and Repairs

General Cargo Ship

Cargo Hold Regions
Sketch of damage

W.T.BHD plate

Sketch of repair

I

Normal position Frames fallen sideways

Normal position| 15 degrees 30 degrees 45 degr

] i- 15° : 1 30° 1 4

A 100 100 100 100
z 100 92.6 66. 1 51.17
I 100 89.7 58.1 42 0

) Sress 100 108 151 174

[@Ien sideway BHD stiffe

Defl ecti on 100 111.4 170.0 238.0

Module 2A Hull Structure Rev. 1
ICS Class is a member of InterMaritime®© all rights reserved.



Examples of Hull and Repairs

General Cargo Ship
Cargo Hold Regions

Sketch of repair

Sketch of damage

Doubling plate on holed tank-top e

late due to h ic - -
plate due to heavy corrosion .. 6. cstruction =~ _

- -

E/R front Bhd

|
|
&

Side Constructi ¢

Corroded / holed part of :tank

A sect. ! top plate partly renewed:!
'\ ‘\ ‘\\
~
\ S S \\ N
3 \\% \‘\ N S
\ \(\ -~ \\_'-u \\
\ \ \ ) Rl
- -~ e
FOT BWT i - ¢ Mo
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Examples of Hull and Repairs

General Cargo Ship
Cargo Hold Regions
Sketch of repair

Sketch of damage
(1) Heavy corrosion in deck longl. beam
(2) Heavy corrosion in fillet welding bead between
» Deck plate and deck beam, and
* Deck plate and deck trans web.

A-A sect

Corrosion in upper deck plate
at exposed side

g Deck plate, deck longl. beam,and
| trans web. partly renewed

DECK PLATE
deck trans web
Corrosion in upper deck

plate at cargo hold side

Miss of fillet welding bead
due to heavy corrosion.




Examples of Hull and Repairs

General Cargo Ship
D.Bottom Tank Regions

Sketch of repair

Sketch of damage

tank top plate

Tank top plate and longl.

@ frame partly renewed

longl. frame bent O (




Examples of Hull and Repairs

General Cargo Ship
D.Bottom Tank Regions

Sketch of repair

Sketch of damages

Hole in bottom shell plate around suction

|
bell-mouth in water ballast tank i
due to cavitation corrosion. ; |
A - sect. Corroded part of bottom

shell plate partly renewed
Cavitation corry l

&

200mm ¢ or over

Bell-mouth




Examples of Hull and Repairs

General Cargo Ship
D.Bottom Tank Regions

Sketch of repair

Sketch of damage
Holes in bottom shell plate underneath soung
pipe in water ballast tanks, bilge tanks
and F.O.Tanks due to wear /wastage.
Sounding pipe :
¥ Y Corrosion part of bottom Striking plate renewed
shell plate partly renewed
No striking plate l 3 i
Striking plate
B b e ) 4
_J L
Lf" Foz:z)
Hole Wear / corrosion in
striking plate
Note : Wear / corrosion in striking plate in FOT is due to sea water from sounding pipe.




Examples of Hull and Repairs

General Cargo Ship
FPT Regions

Sketch of repair

Sketch of damage

Crack in side shell plate resulted f
and fracture of side transverse wel
excessive corrosion in way of WB

| Web plate of web frame

partly renewed

Additional stiffener fitted
oSy / Horizontal L-S
R Vertical L-L

Set in shell plating

i

Shell plate
partly renewed

Crack in shell plate




Examples of Hull and Repairs

Sketch of damage |

General Cargo Ship
APT Regions

Sketch of repair

Crack in shell plate due to propel

excited vibration.

Crack in shell plate partly renewed

"

— s | —
TS
A R

—

/

Modified shell stiffener fitted

’j

b — u——‘——-——————

)

e et |
g

-

4}—.——[———-————;—
|

/

————
-—
7

S ——————— — — —

/

/

Original stiffener




JACS

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES LTD.

Guidelines for Surveys, Assessment and Repair of Hull Structures




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures
Recommendation No.76 — Bulk Carriers




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Recommendation No.76 — Bulk Carriers

Deck Structure

Sketch of damage

Sketch of repair

Fracture at hatch corner

Insert plate of enhanced steel grade
and mcreased thickness

1
a
! T

i
o
1
I
SRS Tl e s
L

q H




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Recommendation No.76 — Bulk Carriers

Deck Structure
Sketch of damage Sketch of repair

Hatch side
coaming
) 500R
| | |
‘A f\ i 47 pan ] <
|

l ) A )\-’ T

| A A
Topside tank plating \\ l
/

vertical strake Fracture
— 2. 30
H { B B
g 1 15 i 2R
1A —
p {
1
View A-A




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Recommendation No.76 — Bulk Carriers

Deck Structure

Sketch of damage Sketch of repair
Rail for hatch
B / cover % \
Renewal of coaming
! 1 N\ —\._d(!monal top plate and its
Hatch HQ!Tzomal Fracture stiffener under horizontal stiffener
coaming  stiffener of rail for hatch
top plate  hatch Compression cover
coaming  bar
top plate ~ /

Y

Rail for hatch
cover




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Recommendation No.76 — Bulk Carriers

Example of Deck Structure

Sketch of damages Sketch of repair

.~ Pilot ladder access

Er I i
a ! 4 T || Modified i T
E: bracket\ I
! I
Il 11Vl
!‘ | I
IS S| |
. “ ) [ - _ :
A Fr ez A ' Addinonal Increased fillet :
Racres stiffener weld at ends

o 1)

s

View A-A View B-B

L L T b ¥
-
- ..




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Recommendation No.76 — Bulk Carriers

Topside Tank Structure

Sketch of damage Sketch of repair

(J ]

Reinforcement of opening

[nsert plate with increased
thickness

- Areas of excessive corrosion,
and subsequent buckling and/or




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Recommendation No.76 — Bulk Carriers

Topside Tank Structure

Sketch of damage

Sketch of repair

i Longitudinals
supported by
_ bracket
‘r > okt —
\f Increased
bracket
See Detail
o
Longitudinal
L lI

Fracture

Detail




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Recommendation No.76 — Bulk Carriers

Topside Tank Structure

Sketch of damage Sketch of repair

. CEPESION Additional
TlallS\ €Ise < bracket with

web frame B soft toes firted
or bulkhead WS AV
Collar plate at ¥ A° (AR J..L
transverse web § Il J
frame or filler
plate at bulkhead

Suffener

M

b2=1.5a bl=2.5a

S Where required. the longitudinal
1o be cropped and part renewed

1. For a slope at toes max.1:3,

- s RI1=(bl-h) x 1.6 and R2=(b2-h)x |1 6
. s : . 2. Soft toe bracket to be welded first to
Longitudinal Fractures longitudinal

‘9

Scallop i1 bracker to be as small as
possible, recommended max. 35mm

4.If roes of brackets are ground smooth.
T full penetranion welds in way to be
provided

Topside tank SlOpillQ plating, S Maximum length to thickness ratio
2 . 3 ,g L b = S50:1 for unstiffened bracket edge
Sldt’.‘ She“ platmg o1 dCCk platmg 6. Toe height, h. to be as small as

possible (10-15mm)




IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Recommendation No.76 — Bulk Carriers

Cargo Hold Side Structure

Sketch of damage

Sketch of repair

"~ Topside tank

Fracture

‘e 13 mn.
Side shell

~ Side shell frame

Fractures

1.4t + 20mm

1 in 3 chamfer
10mm

4

A

70mm min. N

300mm min.
_~Hopper tank

/ N

Weld throat=0.44x1.4t 7




Recommendation No.76 — Bulk Carriers

IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Transverse Bulkhead

Sketch of damage

Sketch of repair

Bulkhead
§ corrugation

Fractures

- Shelf plate
Fractures

Shelf
plate
4
Sl "‘H . Stool sloping \
SHCAAE  Fracture  plating

plate

Edges prepared and full
penetration welded. using
low hydrogen electrodes or
equivalent

/]




Recommendation No.76 — Bulk Carriers

IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Transverse Bulkhead

Sketch of damage

Sketch of repair

¢
Lower stool

—-~

': ( (F _}L} [ Hopper

~e & Double bottom

Duct keel
Fractures

Lower stool A\

Inner bottom plating

Bottom

\‘ platnng
Y

Lower stool: Insert plate of increased

Inner bottom plating: It may be
necessary to crop and insert

E plating of enhanced grade
—\ 4

j] i
Plate collar \ '/
L

Increased depth of stiffener to suit

arrangement of pipes in duct keel

Iull penetration

welds
\

\

Lower
stool spag,

lee collars

Flllel weld of DB OT/'WT
girder to be made full
penetration over length of
stool space

View A - A




Recommendation No.76 — Bulk Carriers

IACS Guidelines for Surveys, Assessment and Repair of Hull Structures

Double Bottom Tank

Sketch of damage

Tnner bottom
Fragtures A

y;
A
‘J L

Hopper
Double B e

transverse
bottom :

web
Hoor

A

Side girder

ViewA-A
Transverse fractures in
hopper web platung into
possibly extending mto the
hopper slopmg plating

=y

Inner
bottom

Floor o1
fransverse
web plating

Fracture m the
floor'web of hopper
transverse ring

Sketch of repair

Full penetration weld
connection to the mney
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Recommendation No.76 — Bulk Carriers

Double Bottom Tank

Sketch of repair

Sketch of damage
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Recommendation No.76 — Bulk Carriers

Double Bottom Tank

Sketch of damage Sketch of repair
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Inner bottom
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Fracture
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Recommendation No.76 — Bulk Carriers

Bottom Shell Plate

Sketch of repair

Sketch of damages
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Recommendation No.96 — Double Hull Oil Carrier

Hopper and Double Bottom Ballast Tank

Sketch of damage

Sketch of repair
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Notes: Plate midlines intersect
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Recommendation No.96 — Double Hull Oil Carrier

Hopper and Double Bottom Ballast Tank

Sketch of damage

Sketch of repair
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Recommendation No.96 — Double Hull Oil Carrier

Example of Hopper and Double Bottom Ballast Tank
Sketch of damages Sketch of repair
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Recommendation No.96 — Double Hull Oil Carrier

Wing Ballast Tank

Sketch of damage

Sketch of repair
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Recommendation No.96 — Double Hull Oil Carrier

Wing Ballast Tank

Sketch of damage Sketch of repair
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Recommendation No.96 — Double Hull Oil Carrier

Bottom Ballast Tank

Sketch of repair
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Recommendation No.96 — Double Hull Oil Carrier

Bottom Ballast Tank

Sketch of repair

Sketch of damage | o
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Recommendation No.96 — Double Hull Oil Carrier

Web Frames in Cargo Tank

Sketch of damages

Sketch of repair
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Recommendation No.96 — Double Hull Oil Carrier

Transverse Bulkhead

Sketch of damage Sketch of repair
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Recommendation No.96 — Double Hull Oil Carrier

Deck Plating on the Crane Pedestal Support

Sketch of damage
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Container Carrier

Upper Deck

Sketch of damage  gyetch of repair
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Container Carrier

Upper Deck

Sketch of damage Sketch of repair
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Container Carrier

Upper Deck

Sketch of damage Sketch of repair
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Container Carrier

Upper Deck

Sketch of damage Sketch of repair
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Container Carrier

Upper Deck

Sketch of damage Sketch of repair
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Container Carrier

Example of Side Structure

Sketch of damages

Sketch of repair
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Container Carrier

Example of Fore End Structure
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Recommendation No.47 — Shipbuilding and Repair Quality Standard

Renewal of Plates

» Size insert: Min. 300 x 300 mm
» Welding sequence:

2 g I 3 [y ; 2
. o
V- | \
. A,
+ | + 1y y
435 |
i
4 | 1 . - %
< 2
R = 5 x plate thickness 100mm 100mm

min. 100mm
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Recommendation No.47 — Shipbuilding and Repair Quality Standard

Renewal of Plates

» Size insert: Min. 300 x 300 mm
» Welding sequence:

2 g I 3 [y ; 2
. o
V- | \
. A,
+ | + 1y y
435 |
i
4 | 1 . - %
< 2
R = 5 x plate thickness 100mm 100mm

min. 100mm



2A: Hull Structure

In compliance with the IMO resolution MSC.349(92) and
MEPC.237(65), RO Code, Appendix 2.
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