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Tests on Buffer Equipments for use as
Protection against Ship Collision
by
Kikuo ARITA, Takahiro ANDO, Tsuyoshi NAKAI

Abstract

The present paper deals with the energy absorption capability of buffer equipments
used for marine structures such as piers of a long-spanned bridge in a ship collision.

At the outset the force-displacement characteristics were investigated experimentally
on structure elements of circular or hexagonal cross-section which were used as parts ‘
of the buffer equipments. The circular or hexagonal cross-section elements were shown
to possess force-displacement curves changing in a smoothly increasing or decreasing
manner, respectively. The both curves for those elements illustrate approximately rec-
tangular force-displacement characteristics so that the absorbed energy can take on a
great value until the reaction force reaches a specific load that may be encountered in
a ship collision. . '

Next, a new buffer equipment composed of the circular-section elements was devised
for use as a protective structure in ship collision with a circular bridge-pier. The new
device was found to have the advantage of greater energy-absorption capability and
less variation of its force-displacement curve with the position of a striking bow, com-
pared with a conventional buffer equipment which is cruiformly composed of thin steel
plates. For practical design purposes, the procedure due to a simple rigid-plastic analy-
sis was presented in an attempt to estimate order of magnitude related to the energy
absorption capability.
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Fig. 7 Half - circular type of structural member

Tablel Test models for dynamic loading

Specimen  |Type of section Dlagwreter Thickness | Weight
Radius t
{mm) (mm) (kg)

D1{CD300-4.5 |Circular
D2/CD300-2.3 [Circular
D3HD300-4.5 |Hexagonal
D4HD300-2.3 |Hexagonal
D5 [CR300-2.3 |Half circular

D=300| 4.45 |16.5
D=300| 2.21 8.2
D=300| 4.45 |1i5.7
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Thickness : 2.3mm
Fig. 19 Tube type of buffer model

[Loading condition (A)]
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Fig. 21 Grid type of buffer model
[Loading condition(A)]

A - Detail

Fig. 23 Welding in tube type of model
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Fig. 20 Tube type of buffer model

[Loading condition (B)]
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Fig. 22 Grid type of buffer model
[Loading condition (B)]
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Fig. 24 Welding in grid type of model
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Fig. 25 Partial model for grid - type buffer
[Loading condition (A)]
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Fig. 26 Load - displacement curves

[Loading condition (A)]
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Fig. 27 Load - displacement curves
[Loading condition (B)]
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Fig. 28 Absorbed energy - displacement curves
[Loading condition (A)]
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Fig. 29 Absorbed energy - displacement curves
[Loading condition (B)]
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Fig. 30 Load - displacement curves [S - Type]
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Fig. 31 Absorbed energy - displacement curves
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Photo 1

Tube type of buffer on the loading condition
(A) [S-TUBE (A)]
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Photo 2 Tube type of buffer on the loading condition
(B) [S-TUBE (B)]
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Photo 3 Grid type of buffer on the loading condition
(A) [S-AGRID (A)]
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Photo 4 Grid type of buffer on the loading condition
(B) [S-AGRID (B)]
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Fig. 32 Load - displacement curves
[Models with horizontal girder]
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o Plastic hinge in outer plate
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Fig. 33 Plastic hinges [Loading condition (A)]
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e Plastic hinge

Fig. 3¢ Deformation of tubular member
[Loading condition (A)]
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Fig. 35 Deformation of outer plate
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Fig. 36 Plastic hinges [Loading condition (B)]
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Fig. 37 Deformation of tubular member after a strik-
ing bow contact [Loading condition (B)]
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Fig. 38 Load - displacement curves [TUBE (A)]
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Fig. 39 Absorbed energy - displacement curves
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Fig. 40 Load - displacement curves [Tube (B)]

6r
‘€
:0, TUBE(A) 23-2.3
a ar Colculation —— .
- Experiment ---- o9
3 el
3
2 L
7
/
/ L 1 1 1
o] 50 100 150 200

Displacement 4 (mm)

Fig. 42 Variation of load - displacement curves with
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Fig. 44 Variation of load - displacement curves with
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Fig. 41 Absorbed energy - displacement curves
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Fig. 45 Variation of absorbed energy - displacement
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Fig. 46 Load - displacement curves
[Comparison between S - TUBE (B) and
TUBE (B)]
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Fig. 47 Absorbed energy - displacement curves
[Comparison between S - TUBE (B) and
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Fig. A. 1 Loading condition in tubular member
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