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The offshore industry uses a wide variety of containers for the transportation of equipment. These containers
are permanently fitted with their own lifting sets. Different offshore sectors use different types of lifting sets. In
the UK sector, 5 legged wire rope sling sets are used. However, elsewhere chain lifting sets are prevalent.
These lifting sets are subject to repeated dynamic loading in a hostile corrosive environment.

At present, the selection and use of wire rope lifting sets is covered by BS EN 13414 “Steel wire rope slings -
Safety - Part 1: slings for general lifting service” (2003). This superseded BS1290 “Specification for wire rope
slings and sling legs for general lifting purposes” (1983), which was the current specification during this
programme of work.

Following a proposal to increase the safety factors for these lifting sets. Field Engineering Section of the
Health and Safety Laboratory (HSL), measured the dynamic loads resulting from various lifting operations
between a semi-submersible installation and a supply vessel. Measurements were deliberately taken in heavy
seas to identify the worst loading conditions which could occur. This work was reported in FE/96/06
“Measurement of Dynamic Loads in the Sling legs of offshore container lifting sets” by P Kerry and P McCann.

This report and the work it describes were funded by the Health and Safety Executive (HSE). Its contents,

including any opinions and/or conclusions expressed, are those of the authors alone and do not
necessarily reflect HSE policy.
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EXECUTIVE SUMMARY

The offshore industry uses a wide variety of containers for the transportation of equipment.
These containers are permanently fitted with their own lifting sets. In the UK sector, 5 legged
wire rope sling sets are used, however, elsewhere chain lifting sets are prevalent. These lifting
sets are subject to repeated dynamic loading in a hostile corrosive environment.

Following a proposal to increase the safety factors for these lifting sets. Field Engineering
Section of the Health and Safety Laboratory (HSL), measured the dynamic loads resulting from
various lifting operations between a semi submersible installation and a supply vessel. This
work identified a complex sinusoidal load profile, when lifting from the supply vessel to the
deck of the installation. The work concluded that individual load cycles were within the
performance envelope of the lifting set. However, the possible effects of repeated load cycles
and a corrosive environment were not considered. This work seeks to replicate the measured
load profile using an axial fatigue rig and to evaluate the performance of sling sets subjected to
cyclic loading and salt water exposure.

The fatigue cycle used during these tests represents loads equal to and above the highest loads
(up to twice the safe working load), measured offshore during the earlier work representing a
worst case scenario. A summary of the results is shown below.

Summary of Test results

Test Type Cycles  Peak Load Result

1 Unused 15,000 67kN Measured Offshore  No damage

2 Unused 20,000 67kN Measured Offshore  Collapse of hard eyes
3 Unused 15,000 76.5kN  Proof load Collapse of hard eyes
4 Unused 5,185  76.5kN  Proof load Collapse of hard eyes
5 Accelerated Corrosion 11,000 76.5kN  Proof load Collapse of hard eyes

There was no evidence of fatigue breaks or cracks within the rope on any of the sample tested
(even where rope had been subjected to accelerated corrosion). Fatigue damage occurred only in
the thimbles, in the hard eyes. No evidence was discovered to account for the relatively
premature failure of sample 4.

The damage that occurred was clearly visible and probably non critical. These results indicate
that in the context of offshore container lifting operations, fatigue failure of a wire rope sling
would be unlikely to occur. This work did not identify any evidence to justify an increase in
safety factors or a change from wire to chain slings.

Further proposed work will evaluate the performance of chain sling sets under identical loading
and corrosion conditions, and compare the behaviour of wire rope and chain.
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1 INTRODUCTION

The offshore industry uses a wide variety of containers for the transportation of equipment.
These containers are permanently fitted with their own lifting sets. Different offshore sectors
use different types of lifting sets. In the UK sector, 5 legged wire rope sling sets are used.
However, elsewhere chain lifting sets are prevalent. These lifting sets are subject to repeated
dynamic loading in a hostile corrosive environment.

At present, the selection and use of wire rope lifting sets is covered by BS EN 13414 “Steel wire
rope slings - Safety — Part 1: slings for general lifting service” (2003). This superseded BS1290
“Specification for wire rope slings and sling legs for general lifting purposes” (1983), which
was the current specification during this programme of work.

Following a proposal to increase the safety factors for these lifting sets. Field Engineering
Section of the Health and Safety Laboratory (HSL), measured the dynamic loads resulting from
various lifting operations between a semi-submersible installation and a supply vessel.
Measurements were deliberately taken in heavy seas to identify the worst loading conditions
which could occur. This work was reported in FE/96/06 “Measurement of Dynamic Loads in
the Sling legs of offshore container lifting sets” by P. Kerry and P. McCann.

This work identified a complex sinusoidal load profile when lifting from the supply vessel to the
deck of the installation. Dynamic loads were measured up to 88% of the sling proof load and
36% of the minimum breaking load of the rope. Measured dynamic loads were substantially
greater (up to 430%) than the static mass of the payload lifted.

The previous work concluded that individual load cycles were within the performance envelope
of the lifting set. However, the possible effects of repeated load cycles and a corrosive
environment were not considered. This current work seeks to replicate the measured load profile
using an axial fatigue rig and to evaluate the performance of sling sets subjected to cyclic
loading and salt water exposure.



2 TEST FACILITY

21 THE AXIAL FATIGUE FACILITY

Fatigue tests were carried out using the HSL axial fatigue facility. This consists of a vertical
frame with a fixed crosshead and a 500 kN, 500 mm stroke RDP servo-hydraulic actuator. The
actuator is controlled by RDP hardware. The facility is mounted vertically to overcome
problems of rope sag and is shown in Figure 1.
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Figure 1 The axial fatigue facility with a wire rope sling leg specimen installed

Integral load and displacement measurement systems are mounted at the actuator head. These
systems are calibrated on an annual basis, against reference sources by the manufacturer.
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Figure 4 Attachments to the fatigue rig
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