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n Section 1 
Introduction

1.1 General

1.1.1 Navigation buoys are often subject to impact loads due to vessels running into them. Buoys made of plastic materials
are particularly susceptible to damage due to impact and their resistance to these loads depends on their construction and
material properties. The Canadian Coast Guard needs to set a standard for the testing of plastic buoys in order to estimate their
in-service performance and durability.

1.1.2 The impact load occurs when a vessel, travelling at a constant speed, hits a stationary buoy. It can be assumed that the
vessel’s momentum, having a much larger mass in comparison with the buoy, would not be affected by this impact. Simply put, its
direction and speed would not be altered by this event. Therefore, the energy would be transferred to or absorbed by the body of
the buoy, affecting its state of momentum. This energy transfer is supported by the principle of conservation of momentum of
physical bodies and is referred to as an inelastic collision:

p = mv

where  

p = momentum

m = mass of the body

v = velocity

In an inelastic collision, the two bodies have the same velocity after impact, therefore:

m1v1 = m1 + m2 v

In this case, the mass of the vessel is excessively larger than that of the buoy and m1 ≈ (m1 + m2 ). Thus, both bodies obtain the
velocity the vessel travelled at before collision.

1.1.3 Henceforth, it is assumed that the buoy after impact would achieve the same initial velocity as that of the vessel that
made the impact. In other words, this impact would be the same if the vessel were the stationary body and the buoy were
travelling at the velocity of the vessel.

1.1.4 From this approach, a simple drop test can be used to assess buoy impact strength. Using this test method will allow
the supplier/manufacturer to generate impact energies that are consistent with those plastic buoys encounter in service. Figure
1.1.1 Schematic for weight drop impact loading test shows a schematic of the typical weight drop test.

Lloyd’s Register Type Approval System - Test Specification Number 6 March 2020

Lloyd’s Register Type Approval System - Test
Specification Number 6

Chapter 1
Section 1

Lloyd's Register 3



Figure 1.1.1 Schematic for weight drop impact loading test

n Section 2 
Requirements for impact testing

2.1 General

2.1.1 The procedure for conducting this type of impact test involves a simple setup of test equipment and a mass drop to
represent a ship’s impact with a buoy. The details of the procedure for conducting the impact test are as follows:

2.2 Safety precautions

2.2.1 Safety procedures must be put in place for protection of the test technicians as well as the surrounding objects.

2.2.2 A recognised personal safety standard shall be used for Personal Protective Equipment (PPE) during the test.

2.2.3 Create a barrier indicating the perimeter of the test zone. This can be done by enclosing the test in a cage or simply
marking a large zone with tape.

2.2.4 The impactor shall be securely tethered in place before and after the test. The raising of the impactor shall occur after all
test setup is completed and immediately before the test commences.

2.2.5 Testing shall be carried out by at least two people; one controlling the impactor and another one supervising the test
setup.

2.2.6 Before releasing the impactor, cautionary warnings shall be clearly indicated to the people in the vicinity by signal or
sound.

2.3 Test equipment

2.3.1 The following equipment is required for the test:

(a) An impactor. This impactor must be sufficiently heavy and stiff to cause significant damage. It must also be free of any
indents or edges and spherical in shape (as shown in Figure 1.2.1 Impactor steel ball). The test impactor will consist of a steel
ball of 200 kg mass with a diameter of 0,381 m.
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Figure 1.2.1 Impactor steel ball

(b) An impactor hold-and-release mechanism. This mechanism must be in place to safely hold the impactor directly above
the buoy and safely release the impactor to drop onto the buoy. Figure 1.2.2 Hold-and-release mechanism shows an
example of the mechanism to hold the impactor.

Figure 1.2.2 Hold-and-release mechanism

(c) A tethering line. The purpose of the tethering line is to fix and secure the impactor in place for testing. It will also help as a
safety mechanism when the impactor is released. It also must be of sufficient length to not affect the free fall of the impactor.

(d) A buoy restraint fixture. This fixture shall be used to restrain the buoy during testing. The fixture must not affect the
outcome of the impact, and its only purpose is to hold the buoy in place during testing to restrict movement. Chocks, yokes
or other similar methods can be used to hold the buoy in place as shown in Figure 1.2.3 Fixture to restrain buoy movement.
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Figure 1.2.3 Fixture to restrain buoy movement

2.4 Test location

2.4.1 The test location must be spacious enough to avoid injury to the technicians conducting the test, as well as damage to
nearby equipment. It should be an enclosed, controlled environment to prevent external agents (such as wind, weather,
temperature change, other machinery) from affecting the outcome of the test.

2.5 Specimen preparation

2.5.1 The buoy must be clean of debris that could affect the outcome of the impactor collision. The buoy shall be placed
directly on a hard, flat surface, such as a concrete floor, and be fully supported. Marks, indicating the impact zone, shall be placed
on the impact-facing side of the buoy.

2.5.2 Two marks indicating the maximum and minimum waterlines shall encompass the test impact zone. The goal is to aim
at the centreline of the longitudinal axis and centred between the maximum and minimum water marks.

2.6 Test parameters

2.6.1 Temperature effects. To determine the thermal effect on the material toughness, buoys must be tested at material
temperatures representing the high and low in-service values. These temperatures shall be 0°C and 23°C. For the 0°C test, the
test facility ambient temperature can be 23°C; however, the buoy temperature must be 0°. This can be achieved using a cold
room immediately prior to testing. It is important to have the means to measure and maintain the buoy’s temperature constant at
the desired temperatures during the testing.

2.6.2 Ageing and degradation effects. The effects of material degradation (i.e. water, wear and tear, ozone effects, etc.) are
not assessed by this test specification. Therefore, only new, unused buoys shall be assessed for impact testing.

2.6.3 Impact test zone selection. There are many different shapes and sizes of plastic buoys depending on in-service
requirements. The impact zone shall be centred on the longitudinal axis, between the maximum and minimum waterlines of the
buoy.

2.6.4 Test validity. During tests, parameters may influence the free fall of the impactor that would affect the exact location of
the impact test zone, or the impact shape (i.e. impactor shape and condition). It is the responsibility of the test technician to
determine if testing must be repeated to ensure test validity.

2.6.5 Sampling pool. Additional samples of each specimen would provide a more reliable test sample pool to provide further
confidence on the outcome of the tests.

2.7 Test procedure

2.7.1 The specimen is placed onto a hard surface and safely secured via means of a buoy fixture.

2.7.2 The impactor shall be located directly above the main longitudinal centreline of the buoy. The goal is to hit at the centre
of the impact zone. The height of the impactor shall be 4 metres measured vertically from the lowest point of the impactor to the
upper front face of the buoy. A hold-and-release mechanism shall be used to safely hold and release the impactor.
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2.7.3 Following complete test setup and ensuring personnel and equipment safety procedures are employed, the impactor
hold-and-release mechanism shall be operated to release the impactor.

2.7.4 After buoy impact is achieved, and the impactor has stopped moving, the technician shall observe the effects of the
impact and measure and record the plastic deformations and damage generated at the buoy.

2.7.5 One buoy from each fabrication batch shall be tested.

n Section 3 
Documentation

3.1 Test plans

3.1.1 Test plans shall be submitted to Lloyd’s Register (LR) for review prior to execution. The plans should contain details
similar to those listed in Ch 1, 5.1 Test records 5.1.1.

n Section 4 
Acceptance criteria

4.1 Acceptance criterion 1

4.1.1 Based on the surface inspection, the surface must not present any cracks or holes so that the water tightness of the
buoy is maintained. That is, plastic deformation may occur locally near or around the impact zone; however, no visible evidence of
cracks, holes or splits must be seen.

4.1.2 The size or shape of the permanent deformation does not constitute failure in the impact tests of plastic buoys. Failure
has occurred only when the outer surface of the buoy has fractured.

4.2 Acceptance criterion 2

4.2.1 The deformation of the buoy must not be large enough to compromise its buoyancy or stability.

n Section 5 
Reporting test results and documentation

5.1 Test records

5.1.1 Test records shall include the following information:

(a) Buoy model. Buoy type, model number and other identification information.

(b) Buoy test facility details. Name and address of the test facility where these impact tests were conducted. Information on
dates and personnel involved in the testing shall be recorded.

(c) Details of test setup and procedure. Details on test arrangements, equipment used, etc.

(d) Environmental record during testing procedure. Information on the pertinent exterior and/or interior ambient
environmental conditions during the test.

(e) Buoy supplier/manufacturer details. Name and address of the buoy supplier/manufacturer. Additionally, where deemed
informative for evaluation, details of the buoy design and construction can be supplied.

(f) Material specification. The following information shall be recorded:

(i) Buoy outer skin material type and description (e.g. Polyethylene, Polystyrene). Mechanical properties against impact
such as tensile strength, density, thermal properties and ozone or UV inhibitor properties, if available.

(ii) Buoy interior fill. Material type and description. Mechanical properties against impact such as tensile strength, density
and thermal properties, if available.
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(iii) Steel components. Material type and description. Mechanical properties against impact such as tensile strength, density
and thermal properties, if available.

(g) Other test and safety standards. Any other standards or specifications used during testing

(h) Test results. A complete assessment of the results of each impact test for each specimen used, accompanied by the test
results data – visual and recorded measurements shall be taken. The test results measurements and data shall include:

(i) Buoy model or type and other identification details.

(ii) Ambient temperature and buoy temperature during the test.

(iii) Distance from the buoy top to the maximum and minimum water marks.

(iv) Distance from the buoy top to the centre of the impact location/indentation.

(v) Diameter of impact permanent indentation (if existing).

(vi) Depth of impact permanent indentation (if existing).

(vii) Confirmation that outer skin rupture or cracking has not occurred.

5.1.2 The records shall be provided to LR after the tests.

n Section 6 
Survey and certification

6.1 General

6.1.1 LR Surveyor shall witness the tests and issue a certificate upon successful test completion.
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