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According to SOLAS Regulation XI/6.5.3 and IMO GBS functional requirement(IMO, 2010), the structural redundancy of multi—bay stiffened panel
in cargo area of bulk carrier should be provided enough in order to endure the initial design load though one bay of the stiffened panel
is damaged due to plastic deformation or fatigue crack, To satisfy structural redundancy, Harmonized Common Structural Rules (hereinafter
CSR—H, IACS, 2014) proposed to use 1,15 instead of 1.0 for buckling usage factor of stiffened panel in cargo area, This paper shows that
buckling usage factor in CSR—H for structural redundancy is somewhat conservative considering the ultimate strength calculated by using
nonlinear FEA for the damaged condition which is only one bay's plastic deformation due to colliding by weigh object like a bucket, Also,
this paper presents that increasing of plate thickness only is more effective to get enough structural redundancy.,
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Table 1 Stiffened panel size
Panel Name AG12 TB1
Type Angle T
Length of panel (m) 3.5 2.5
Stiffener spacing (mm) 850 850
Plate thickness (mm) 13 9
Stiff. Height (mm) 200 310
Web thickness (mm) 6 8
Flange breadth (mm) 90 100
Flange thickness (mm) 11 10
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& CD Clamped are constrained

Fig.2 Boundary condition for uniaxial compression

Table 2 Deformed shape according to damage types

Damage type A | Damage type B | Damage type C

Vertical Vertical Vertical
deflection is deflection is deflection is
20% of web 40% of web 60% of web

height height height
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Table 3 Deformed shape and equivalent stress
contour under uniaxial compression

Load ratio on the Loan ratio on the
. ) ultimate strength
first yield occurred
reached
Intact
Applied load / Max. | Applied load / Max.
load = 0.573 load = 0.597
Damage
type B
(40% of
web :
height) | Applied load / Max. Applied load / Max.
load = 0.412 load = 0.495
0.7 T
. |
o 8 ' [ |'
.
s 0.5 ﬁ&—l&“
= |
E 04 | —— No damage
3 g L | | - Damage Type A
E_ 0. Damage Type B
= » ——&— Damage Type C

0.8 1 12 14 1.6 1.8
X-axis displacement of edge CD (mm)

Fig.4 Load—deflection curve for damage types
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03

0.4

w---- Damage Type B

Applied load / Max, Load

03 T | —— Increase Plate Thickness
02 ——&— Increase Stiffener Size
08 1 12 14 16

X-axis displacement of edge CD (mm)

Fig. 5 Load-deflection curve of original model and
reinforcement model
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Fig. 6 Boundary condition for various loading state in
HPT2 procedure
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Table 4 Local initial imperfection for various loading
condition and 4-edge simple support

Local imperfection TB1 AG12

Elastic buckling
mode under
compression only
in way of stiffener
direction (IPX)

Elastic buckling
mode under
compression only |
in way of stiffener| &
transverse
direction (IPY)

Elastic buckling
mode under
bi—axial, shear &
lateral pressure
(IPP)

Table 5 Load combination factor for AG12

Edge | Edge | Edge CD
CD AD & AD

Lateral

Loading Condition Pressure

Compression in
way of stiffener
direction (XC)

1.00 - - -

Compression in
way of stiffener
transverse direction
(YC)

- 0.39 - -

Bi—axial
compression and | 0.77 | 0.24
shear (BCS)

0.35 -

Bi—axial
compression shear 1.8 x
and Lateral load 0.7410.34 0.19 10-4

(BCSP)

Table 6 Load combination factor for TB1

Edge | Edge | Edge CD
CD | AD & AD

Lateral

Loading Condition Pressure

Compression in way
of stiffener direction| 1.00 - - -
(XC)

Compression in way
of stiffener
transverse direction
(YC)
Bi—axial
compression and | 0.68 | 0.17 0.31 -

shear (BCS)

- 1031 - -

Bi—axial
compression shear
and Lateral load

(BCSP)

0.72 ] 0.11 0.32 |2.5x 10-4

X—axis Compression (XC) Y-axis Compression (YC)

Bi—axial compression and shear Bi—axial compression shear and
(BCS) Lateral load (BCSP)
Fig. 7 Deformed shape and equivalent stress contour
for AG12 (IPX, refer to Table 4)

X—axis Compression (XC) Y-axis Compression (YC)

Bi—axial compression and shear Bi—axial compression shear and
(BCS) Lateral load (BCSP)
Fig. 8 Deformed shape and equivalent stress contour
for TB1 (IPY, refer to Table 4)
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Fig. 9 Load-deflection curve for AG12 (XC, IPX)
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Fig. 10 Load—deflection curve of AG12 (YC, IPX)
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Fig. 11 Load—deflection curve for AG12 (BCS, IPX)

0.6
E 05
E o (5[ -+essees No Damage
- [ I - .- Damage Type A
S 03 Damage Tvpe B
3 —=&— Damage Type C
2 02
< 3.0 4.0 5.0 6.0
Resultant displacement at point D (mm)

Fig. 12 Load-deflection curve for AG12(BCSP, IPX)
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Fig. 13 Load-deflection curve for AG12 (XC, IPY)

0.6
=
% 05
=2
S
'g > sesnsnnn Nanage
2 04 Damage Type A
3 Damage Type B
= —a— Damage Type C
< 03

0.5 1.0 1.5 2.0

Y-axis displacement of edge AD (mm)

Fig. 14 Load-deflection curve for AG12 (YC, IPY)
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Fig.15 Load—deflection curve for AG12 (BCS, IPY)
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Fig. 16 Load-deflection curve for AG12 (BCSP, IPY)
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Fig. 17 Load-deflection curve for AG12 (XC, IPP)
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Fig. 20 Load-deflection curve for AG12(BCSP, IPX)
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Table 7 Ratio of ultimate strength for AG12 (IPX,
refer to Table 4)

Damage Damage Damage
type A type B type C
Load case / Intact / Intact / Intact
model model model
Koaxis 1.00 0.98 0.95
Compression
Ymaxis 0.99 1.01 1.05
Compression
Bi—axial
compression 0.99 0.97 0.96
and shear
Bi—axial
compression |- oq 0.97 0.96
shear and
Lateral load

Table 8 Ratio of ultimate strength for AG12 (IPY,
refer to Table 4)

Damage Damage Damage
type A type B type C
Load case / Intact / Intact / Intact
model model model
xoaxis 1.00 0.92 0.90
Compression
axis 1.00 1.01 1.03
Compression
Bi—axial
compression 1.00 0.99 0.94
and shear
Bi—axial
compression 1.03 0.93 0.93
shear and
Lateral load

Table 9 Ratio of ultimate strength for AG12 (IPP,
refer to Table 4)

TB1oIM T &ERl=|SdC, Damage Damage Damage
HZEAGI22| ZnE Esio], 2ZE TB19| A9 TTIZ Load case type A type B type C

SHIPY OIS CjAIO 2 2| ZZT SIS 2al5I0ic BT T8 / Intact / Intact / Intact

ol Chet 2AHH|AAL Al 2EZE(51E-HA 2M)= Fig. 215 , model | model model

Ef 247X LIERQIo0 Table 1001 Qoksio] LIEIRICH & cOan;ran:sion 1.00 0.95 0.92

2 AG122} DRRPIX|2 SIEZZ XCollA Damage Type C2l Y-axis
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Table 10 Ratio of ultimate strength for TB1 (IPY,
refer to Table 4)

Damage Damage Damage
type A type B type C
Load case / Intact / Intact / Intact
model model model
x-axis 0.99 0.94 0.96
Compression
Yaxis 0.99 1.01 1.06
Compression
Bi—axial
compression 1.00 1.00 0.95
and shear
Bi—axial
compression 0.97 0.96 0.94
shear and ’ ' '
Lateral load
5 2 8
2 AF0ME Explicit CodeS ARESI0] S&Ae] 540=2
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