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Abstract

The aim of the present study is to investigate the characteristics of ultimate and fatigue strength of
hopper knuckles in merchant vessels carrying bulk cargo or LNG/LPG. The ultimate strength test is
undertaken on the hopper knuckle model, subject to end tip load. A series of fatigue tests are carried
out on the hopper knuckle models varying the level of the nominal stresses. The elasto-plastic finite
element analysis is performed to examine the distribution of hot spot stresses near weld toe and also
the progressive collapse behavior of the test model. S-N curves are developed based on the fatigue test

results.
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Table 1 Welding conditions applied in fabrication
of the structural model

Current Voltage Welding Method
speed
. | Semi-automatic
220 A 26V {50 cm/min Co,

Table 2 Chemical composition of the high tensile
steel (AH32) material

C Si Mn P S
0.16% | 018% | 0.96% | 0.12% | 0.03 %

Table 3 Mechanical properties of the high tensile
steel (AH32) material

Young s Yield Tensile Rupture
modulus strength strength strain
206 GPa 358 MPa 490 MPa 0.26
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Fig. 1 Load-deflection curves of the hopper
knuckle model
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Fig. 2 Dimensions and strain gauge locations
(m=, ® indicates a location of the strain
gauge mounted at surface A or B)
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Table 4 Pre-loading processes before starting the
fatigue test

Case No. Condition Pre-loading process

1 As-welded 0

Pre-load corresponding
to 50% of the yield stress

2 is applied. do = +0.50y
40 = £0.50,
4p = £58.36kN

Pre-load corresponding
to 85% of the yield stress

3 is applied,
40 = +(.850,
4p = £58.36kN
150 7
125
ﬁ_‘q 100 A ,AS*welded
= 75
2 5p
% 25
‘E B Bl — - Under pre-load of 0.50,
§ 0 == — ———%
T 25 . e — [
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Fig. 3a Distribution of residual stress o, in the x
direction at surface A
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Fig. 3b Distribution of residual stress 0. in the y
direction at surface A
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Table 5 Conditions for fatigue loading considered
in the test

No. Loading condition
Pre-load=0, Mean load=0

1 4o

Pre-load=0.50, . Mean load=0

0.54,
2 AApAA T
-0.50,

Pre-load=0.850, , Mean load=0

Pre-load=0.850, , Mean load=0.50,
0.850,
AN A
4 Q.39

-0.850,
Pre-load=0.850, , Mean load=0.850,

0.850, i EL
5 0.850,

-0.850,
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