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R & D for TMCP Technology;
R &D for TMCP Steels (YP32/36)
R & D for TMCP Steels (YP40)

Practical Application of
TMCP Steels (YP32/36) Practical Application of
TMCP Steels (YP40)

"1, _TMCP Steels (YP40)

" —_——
Conventional Steels (YP32)
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Fig.1 Practical application of TMCP steels and
transition of application ratio of high
tensile steels
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ﬁsefor NK-Classed Ships
Investlgated Ships

- Typeof ship : Bulk Carrier (L =200m), Contal ner Carrier (L =200m), Oil Carrier (L =250m)
+ Shipyard : Shipyards adopting Y P40 steels (7 companies)
= Year of build : 1986 (first adoption of Y P40 steels) — 2000

v

N
NK-Classed L ar ge Ships (258 ships)

Y P32/36 steels-used : 165 ships

Y P40 steels-used : 93 ships

v v v
r N r N r 3
Bulk Carrier (118 ships) Container Carrier (50 ships) Oil Carrier (90 ships)
Y P32/36 steels-used : 59 ships Y P32/36 steels-used : 38 ships Y P32/36 steels-used : 68 ships
YP40 steelsused : 59 ships YP40 steelsused : 12 ships YP40 steels-used : 22 ships
\ \ J,

A

1st Investigation of Damaged Ships by Database for NK Damag@

v ! v

7 ~N
Damaged Bulk Carrier (29 ships) Damaged Container Carrier (12 ships) Damaged Oil Carrier (16 ships)
Y P32/36 steels-used : 13/59 ships Y P32/36 steels-used : 12/38 ships Y P32/36 steels-used : 12/68 ships
YP40 steels-used : ~ 16/59 ships Y P40 steels-used : 0/12 ships Y P40 steels-used : 4/22 ships
\ »,

( No additional investigation required )4—

A 4

2nd Investigation of Damaged Bulk Carriers
by NK Survey Records, focusing on...
- Member A : Upper Deck Plate of
Hatch Opening Corner
- Member B : Hatch Side Coaming End

y v

4 ~N
Damaged Bulk Carrier (14 ships) [ Out of investigation

Y P32/36 steels-used : 5/59 ships (15 ships)
YP40 steels-used :  9/59 ships
\

)

A

Detailed Investigation of the Damaged Members A and B
by NK Survey Records (14 ships)
= Ship’s age of first damage occurrence
+ Shape of damaged members
- Steel grade and thickness of damaged members
- Damage distribution classed by cargo hold

v

(( Heeding Points on Design and Workmanship for Large Bulk Carriers))

Fig.20 Flowchart of investigation on actual construction results and damages of large ships
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NK-Classed Large Ships (7 companies)
boboooo oo 1 YP32/36 steels-used : 165 ships
I YP40 steels-used : 93 shi
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classed by year of build
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ooooonoDooooooooooooon (L=200m) (L=200m) (L=250m) Container Carrier
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bobooooooooobooo ypaoo o Fig.4 Actual construction results of large ships
O00oo0DoOoDoooooo classed by type of ship
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0 YP32/36 steels-used : 59 ships
0 YP40 steels-used : 59 ships
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Fig.5 Actual construction results of bulk carriers
classed by shipyard
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Table 1 Members investigated by NK database for
damaged ships (1st damage investigation)

Type of Member | Code Example of Members

UP | Upper Deck Plate, Deep Tank Top Plate, etc.

UG | Deck Girder, etc.
Upper Member uwW

Web Beam attached to Upper Deck Plate

Deck Longl., Deck Beam, Stiffener/Carling/Bkt.
attached to Upper Deck Plate, etc.

SP | Side Shell Plate

Shell Member ST | Side Trans.

Side Longl., Trans. Frame, Stiffener/Carling/Bkt.
attached to Side Shell Plate, etc.

LP | L. BHD Plate, Deep Tank Side Wall

Longl. Member Longl. Frame, Stiffener/Carling/Bkt. attached to
LS
BHD Plate

Special Member HC | Hatch Coaming, etc.

us

SS

OWwithout Damage
Owith Damage

80
68 ships

59 ships 59 ships

60
Except damage

38 ships of side longl.

46 43
26 22 ships
27% | | |

20 | 22% ] 3206 12ships T 180 [ | 18 [ |
16 18%
13| 12| |1 2| -

YP32/36 YP40 steels- YP32/36 YP40 steels- YP32/36 YP40 steels-
steels-used used steels-used used steels-used used

Number of ships
5
u
(=2}

Bulk Carrier Container Carrier Oil Carrier
(L=200m) (L=200m) (L=250m)

Fig.6 Results of 1st damage investigation by NK
database for damaged ships
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Table 2 Non-damaged members of large bulk
Upper Deck / carrier (2nd damage investigation)
/
J( B / Type of Member Non-damaged Members
/ Stringer Plate in Strength Deck

Deck .
Plating Strength Deck other than mentioned above

Deck & Shell

Plate Deck Plating exposed to weather, in general

Shell Sheer Strake at Strength Deck

Plating Side Plating
4
4
, Bottom i
Plating Bottom Plating of TST

Investigated members e Internals Longitudinals attached to Plating mentioned above
e Longitudinals | ypper Strake in Sloping Plate of TST adjoining to
: : YP40 steels 7 Strength Deck

[ ]:vyP32/36steels

(MS or YP40 steels partly used)

Fig.7 Investigated members of large bulk
carrier (2nd damage investigation)
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Hatch Side
Coaming
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odoooobooooooooboooooa Crack Opening
ooobbooooooboooooboog 2
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Member A

00000000000000000000 Upper Deck Plate of Member B

Hatch Opening Corner Hatch Side Coaming End
odoooobooooooooboooooa
0 Table 20000 Fig.8 Cracked members of large bulk carrier

(2nd damage investigation)
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YP32/36 steels-used : 59 ships B With Damage (Other secondary members)
0000 oooooooogggooog YP40 steels-used : 59 ships O With Damage (Member A, B)
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gdooooboboooooooobooboooo Bulk Carrier (L0 200m) |

O Without Damage (YP32/36 steels-used : 56 ships, YP40 steels-used : 50 ships)
gooooood : . o
O With Damage  (YP32/36 steels-used : 3 ships, YP40 steels-used : 9 ships)
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Length of ship (m)

Large Bulk Carrier (LC 250m) With Damage | Without Damage
YP32/36 steels-used : 21/59 ships 2 ships 19 ships
YP 40 steels-used :  54/59 ships 9 ships 45 ships

240

200 —— 1 1 1 1 1 H

120

80

40

Number of Hatch Opening Corners

o
YP32/36 ships| ‘
'YP40 ships

T T

T T

T T

T T

T T

i i

[ [

T T

10% - —
® [ O without Damage

B With Damage (YP32/36 steels damaged)
B With Damage (YP40 steels damaged)

5%

YP32/36 ships
'YP40 ships

Damage ratio of hatch opening corner
(Damaged corners / Total corners)

0%
No.9| [No.8| |No.7| [No.6| |No.5 No.4 No.3| [No.2| |[No.1

Aft Fore
C.H. C.H. C.H. C.H. C.H. C.H. C.H. C.H. C.H.

Fig.11 Damage distribution classed by cargo hold
(Member A)
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O0ooooooooooooooooood Bulk Carrier with damage (L 250m) |
I Y P32/36 steels-used : 2/59 ships
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Design to be considered

 Lower stress concentration ]

Hatch Opening Corner

« Fatigue strength outside midship 0.4L
including torsion

@orkmanship to be improveD

« Grinding of plate edge

« Prevention of notch

« Careful welding of slant plate

Fig.15 Heeding points on design and workmanship
for hatch opening corner
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Fig.16 Damage distribution classed by length of ship
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