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Offshore cranes are used less frequently than onshore cranes. Therefore, fatigue analysis of offshore cranes has often been
neglected or performed with a nominal stress approach based on the European standard FEM 1.001. Recently, ultra-high
tensile steel has been used for crane structures, and the speed of cargo handling has increased. Thus, fatigue has become
a major design parameter, and owners have required detailed fatigue analysis using an adequate load spectrum model.
However, few regulations, such as the American Petroleum Institute–Pipeline Recommended Practices (API-RP), define
load-spectrum models. Moreover, the load-spectrum model in API-RP is difficult to apply to modern cranes. To solve this
problem, a load-spectrum model based on three years of data recorded in three offshore cranes is presented in this study.
The data were statistically analyzed, and an adequate load-spectrum model was derived.

INTRODUCTION

A regular load is defined as a load that always occurs dur-
ing cargo handling. Environmental loads such as wind, waves,
and seismic loads are specified as irregular loads in FEM 1.001
(Fédération Européenne de la Manutention (FEM), 1998), Rule
VI-2-2 (Germanischer Lloyd SE (GL), 2012), DNV Standard No.
2.22 (Det Norske Veritas (DNV), 2011c), and BS2573-1 (British
Standards Institution (BSI), 1983). Loading conditions are classi-
fied into three categories for the structural analysis: crane oper-
ating condition (condition I), seagoing condition (condition II),
and exceptional condition (condition III) (BSI, 1983; FEM, 1998;
DNV, 2011c; GL, 2012). Exceptional conditions include extreme
storm, accidental, and maintenance conditions. Because cranes
do not work and are supported by a boom rest in the seagoing
and exceptional conditions, these conditions are collectively called
boom rest conditions in view of the crane structure analysis.

The crane operating conditions are classified into two cate-
gories: normal operating conditions without environmental loads
(condition I-1) and with environmental loads (condition I-2). Envi-
ronmental conditions are strictly restricted in condition I, such
that the installation tolerances of the hoisted cargo are satisfied.
Therefore, environmental loads are considered as irregular loads,
and condition I-2 is not considered in the fatigue analysis (BSI,
1980; FEM, 1998; DNV, 2011c; GL, 2012).

In condition II, the fatigue analysis is performed according to
offshore rules such as DNV-RP-C203 (DNV, 2011b), whereas in
condition I-1, the fatigue analysis is performed according to crane
rules such as FEM1.001 (FEM, 1998), Rule VI-2-2 (GL, 2012),
and BS5400-10 (BSI, 1980). Although fatigue damage is calcu-
lated only in condition I-1 for onshore cranes, the total fatigue
damage is calculated by the linear combination of two damages
calculated in condition I-1 and in condition II for offshore cranes.
Because the fatigue analysis technology in condition II has been
studied by many researchers (Han et al., 2011; He et al., 2014,
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etc.), who achieved remarkable results, and the technology is well
defined in offshore rules, this study focuses only on the fatigue
analysis in condition I-1.

One load cycle is a process assumed to be quasistatic, in which
cargo is lifted at a spot, moved to a target spot, and unloaded. The
stress variation that occurs during the process is used in the fatigue
analysis. For the fatigue analysis, a load spectrum is required,
which is a function that defines the relationship between the cargo
weight and its cycle. A load spectrum is the basis of fatigue anal-
ysis for crane structures, life evaluation, and reliability calcula-
tion, and it has important engineering significance. Except for the
American Petroleum Institute–Recommended Practices (API-RP)
(API, 2007) and Rule VI-2-2 (GL, 2012), other offshore rules and
regulations do not provide any guidance for the load spectrum.
The API-RP model (refer to paragraph 7.3.1 of API (2007)) has
some issues that will be discussed in this study. GL (2012) defines
the stress spectra instead of the load spectra. Because there may
be several stress cycles in a load cycle, the stress spectrum dif-
fers from the load spectrum and is derived from a load spectrum
and stress analysis. This has often created disagreements between
builders, ship classification societies, and owners. Considering the
exposed, the objective of this study is to provide load-spectrum
models and guidance. The load-spectrum model is defined by the
owner. According to the author’s experience, not all owners ade-
quately define a load spectrum.

The author has received a comment with respect to the load
spectrum from a ship classification society in an offshore project.
Papers (Lee and Lee, 2011; de Jesus et al., 2012; Sood, 2017;
Wardenier et al., 2017, 2018; Cibicik and Egeland, 2019) and reg-
ulations (FEM, 1998; European Committee for Standardization,
2004; API, 2007; DNV, 2011c; GL, 2012) were analyzed to find
an adequate load-spectrum model, but no such model could be
found. Noticing that all cranes have a crane monitoring system
in which working histories are recorded, the author obtained data
recorded in three offshore cranes. This study intends to share the
author’s experience with the project.

A load-spectrum model can be obtained by tracking the hoist-
ing load on the site of the crane work and stating the crane work
cycles during a period of time. To determine the load-spectrum
models, the author obtained the required data from lifting histo-
ries accumulated over three years in three offshore cranes. Statis-
tical analysis of the data is presented, followed by a continuous
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