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Abstract

The purpose of this study is to determine the proper fillet weld size for the stiffeners on hull bottom
plate of crude oil tanker. To achieve it, the effective notch stress and hot spot stress of the fillet weld
with leg length specified in the rule were evaluated by using comprehensive FE analyses. Based on the
results, the fatigue damages at each location of weld were calculated. Meanwhile the transitional behavior
of initial welding distortion in the hull bottom plate under the design conditions was investigated by using
a non-linear FEA. Welding distortion and residual stress introduced during fabrication process were considered
as initial imperfections. According to FE analysis results, if the fillet leg length satisfies the design criteria
of the classification society, the concern on the root failure at the fillet welds in the bottom hull plate
during the design life can be negligible. In addition, considering the transitional behavior of the distortion
during the service life, the fillet leg length should be minimized.
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Fig. 1 Analysis and mesh design used for FEA

Table 1 Dimension of analysis model

Member Dimension (mm)

Hull plate thickness 23
Web 450 (Lw), 11 (tW)

Stiffener

Flange 150 (Ly), 22 (o)

Span 900

830(width), 1150(height),
T
rans, Member 16(thickness)
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Table 2 Load case of crude oil tanker

Load Loading type Loading history

Case

LC1 -
Full load

LC2 u ,Oa Sagging
(Sagging)

LC3 Hogging

LC4 -
Ballast

LC5 Saggin,
(Hogging] game

LC6 Hogging

Table 3 Loading condition

Loading type Ballast, Full load
. iy | Hoeeing | 1,722,595 -
Hull g}rder water Sagging - 12807
bending
moment Hogging | 2,003,018 | 2,003,018
(kNm) Wave
Sagging | -2,135,302 | -2,135,302
Dynamic External 21.08 16.01
pressure
(kN/m?) Internal 55.23 -
Static External -69.38 -136.75
pressure
(kN/m?) Internal 212.47 -
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Table 4 Principal dimensions of the COT

Length of ship 234 m
Design speed 15 knots
Depth of ship 22.05 m
Draught (fully loaded) 13.60 m
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(b) Ballast load (L.C4)

Fig. 2 Contours of the equivalent stress distribution
and deformation behavior of the global model
of hull bottom (Unit: MPa)
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Fig. 3 Mesh design of longitudinal stiffener to hull
bottom joint (Joint A) and transverse member
to hull bottom joint (Joint B)
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Fig. 4 Contours of the principal stress distribution
at the notch of the Joint A and Joint B in
full load condition (Unit: MPa)
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Fig. 5 Contours of the principal stress distribution
at the notch of the Joint A and Joint B in
ballast load condition (Unit: MPa)

Table 5 Effective notch stress range

Effective notch stress
Case range(MPa]
Joint A Joint B
Low cycle SR1 400 406
fatigue
High cycle SR2 227 272
fatigue SR3 309 279
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Fig. 6 Mesh design of longitudinal stiffener to hull
bottom joint (Joint A) and design transverse
member to hull bottom joint (Joint B)
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Fig. 7 Contours of the principal stress distribution
and deformation shape at the Joint A and
Joint B in full load condition (Unit: MPa)
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Fig. 8 Contours of the principal stress distribution
and deformation shape at the Joint A and
Joint B in ballast load condition (Unit: MPa)

Table 6 Hot spot stresses range

Hot spot stress
Case range(MPa)
Joint A Joint B
Low cycle SR1 229 253
fatigue
High cycle SR2 108 151
fatigue SR3 123 151
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Fig. 9 Flow diagram for simplified fatigue calculation

Table 7 Fatigue damage at the weld root and the

weld toe
Location for Fatigue damage
evaluation Joint A Joint B
root 0.40 0.39
toe 0.43 0.65
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Fig. 10 Analysis and mesh design used for FEA

Table 8 Welding conditions of fillet welding

Total
leg
length Current | Voltage
(mm) | "% | ) (V)

Welding conditions Heat

i t
Speed mnpu

No. of
welding

3. 780+00

3. 40D+00

3.010+00

2. 620+00

~

240+00

a50+00

. A7D‘-DU[’

080+00]

6. 960 01

3.100-01

-7.570- 02

(a) 7 mm leg length

5. 62D+00
5 nsmnnH
4. 47D+00
3900400
3. 32D+00,
2 75D+00]
2 17D+00)
1.60D+00,
1 020+00]
4. 500 01

-1 2403 01

(b) 9 mm leg léngth

Fig. 11 Welding distortion of fillet weld with leg
length (t=23mm, Unit: mm)

Table 9 Tensile stress zone (TSZ) size

Plate Thickness

Tensile Stress Zone (mm)
(mm)

7 mm leg 9 mm leg
23 length length

41.4 54.4

7 1 280 28 30 13.8
9 3 230 24 37 23.6
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s Table 10 Final distortion of hull bottom
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