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Ultimate Strength Assessment of Bollard and Its Foundation Considering
Production Costs
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Abstract

Common structural rutes of JBP(Joint Bulker Project) and JTP(Joint Tanker Project), which
will come into effect in 20086, invoke the necessity of the ultimate limit state(ULS) design for
ship structures. Even though the many applications of ULS analysis have been performed
for ship structures, there have few studies carried out for deck machineries and their
supporting structures. Recently four major Korean shipbuitlders(DSME, HHI, HHIC, SHI)
jointly developed and proposed a new design standards for mooring fittings and also
proposed the SWL (Safety Working Load) obtained based on the first yield criterion. In this
study, various ultimate strength analyses were performed for bollards and their foundation
structures whose vyield strengths were quantified by the research consortium. Prior to
performing the ultimate strength analyses, the numerical calculation method was
substantiated with the test results provided in the joint work report. Based upon the results
of this study, it can be concluded that the reinforcements to increase the yield strength are
not always resulted in the enhancement of the ultimate strength. Furthermore, the
additional production costs for the reinforcements can not be rewarded by the ultimate
strength. Therefore, another alternative arrangements should be developed in the view
point of ultimate strength.
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Fig. 2 Typical hull structure for bollard

Fig. 3 Analysis model
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Fig. 4 Boundary condition of analysis model

Table 1 Scantling of hull structure

Vessel
75K COT 150K COT 300K COT
Dimension
Dk plate 15.5/AH32 | 16.5/AH32 | 18.0/AH32
600X10+ 800X12+ 800X12+
T-Girder
150X16(T) 150X16(T) 200X16(T)
250X90 300X90 350X100
Dk Longi. X12/16 X13/17 X12/17
AH32 AH32 AH32
Local Stiff
200X12 F.B | 250X14F.B | 300X14F.B
(Before Alt.)
250X90 300X90 350X100
Local Stiff
X12/16 X13/17 X12/17
(After Alt.)
AH32 AH32 AH32
Longi. Stiff. .
850 880 1180
space
Tran. Frame
3800 4800 5700
space
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b) For bending strength
calculation

a) For shear strength
calculation

Fig. 5 Load application
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Table 2 Comparison of vyield strength and
ultimate strength
(in case of bollard and its foundation structure)

Bollard | Ship Pyltonf] | Pyltonf] Py/Py
Case

size | size Long.|Tran. [Long.| Tran. |Long.| Tran.

75K {Org.|25.7{28.5]122.1{107.2] 4.75 ] 3.76

COT | Alt. |44.1|59.6 |131.2|/137.4/2.98 | 2.31

3500M
150K | Org. | 32.1|36.0 {130.6{119.9| 4.07 | 3.33

COT | Alt. | 51.6|65.3(136.7|138.52.65

75K |Org.|28.6 | 37.9|152.8/162.3{ B34

COT | Alt. 167.5)62.6 |175.3|183.3] 2.60 | 2.93

450DM
150K |Org. | 35.9 | 46.9|169.6(175.4{ 4.72 | 3.74

COT | Alt. 165.770.3]190.3]196.9| 2.90 | 2.80

150K | Org. | 48.1 ] 58.4 [236.3|241.1/ 4.91 | 4.13

COT | Alt. |85.6194.7 [270.3/278.6| 3.16 | 2.94

5500M
300K |Org. | 51.3}52.0 |246.1/236.7| 4.80 | 4.55

COT | Alt. |86.684.7 1275.2(273.5/ 3.18 | 3.23

Table 3 Comparison of vyield strength and
ultimate strength of bollard only

Bollard size | Pyltonf] Pultonf] Pu/Py
3500M 53.1 139.5 2.63
450DM 90.4 224.9 2.49
5500M 137.6 350.3 2.54

Table 4 Comparison of strengths after and

before alternation of bollard foundation
structures
Bollard o Alt./Org. (Py} | Alt./Org. (Py)
. Ship size
size Longl. | Trans. | Longl. | Trans.
75K COT | 1.72 2.09 1.07
350DM
150K COT| 1.61 1.81
75K COT 1.65
450DM [
150K COT 50
150K COT| 1.78 1.62
550DM
300K COT| 1.69 1.63
stxues =28 M43 H5E5S 2006 103
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Table 5 Comparison of weight and cost after and
before alteration of bollard foundation structures

Alt./Org.
Bollard o Alt./Org. (COST)
) Ship size (WEIGHT)
size
Longl. | Trans. | Longl. | Trans.
75K COT | 2.06 | 2.08 1.92 1.50
350DM
150K COT| 1.82 1.71 1.39
75K COT 1.81 1.42
4500M T
150K COT | 1.49 1 1.28
150K COT 1.49 1.28
5500M g
300K COT
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