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Ice Force Measurement Technology of Jacket Platform in Bohai Sea
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This paper reports the direct ice force measurement technology of jacket structures conducted in the Bohai Sea. Specially
designed ice load panels are described in detail, including the measurement principle of the load panel, the specially designed
elastic cell and the single panel form. Some factors that ought be considered during the design process are proposed; 2 kinds
of ice load panels, for both vertical and conical structures, were designed and installed on some prototype structures in
Bohai. Some measured ice force is discussed, and it indicates that the dynamic performance of the panels is good.

INTRODUCTION

Understanding and prediction of ice forces on structures are
needed for the safe and economical design in ice-covered waters.
The best way to study this problem is to measure ice force directly
on prototype structures. A number of measurement approaches
has been developed to meet this need. Starting in the late 1970s,
petroleum exploration activities in the Arctic stimulated an effort
to measure ice forces on large caisson-type structures (Hardy
et al., 1996; Timco and Johnston, 2003, 2004). Lately there
have been measurements on smaller structures, such as the jacket
structures in China’s Bohai Sea (Wessels and Jochmann, 1991;
Qu et al., 2006; Yue et al., 2009), the Confederation Bridge in
Canada (Brown and Määttänen, 2002; Brown, 1997; Mayne and
Brown, 2000); and the Norströmsgrund lighthouse in Sweden
(Engelbrekston, 1977, 1983; Nordlund et al., 1988; Määttänen,
1994, 1996; Määttänen et al., 1997.) A wide variety of techniques
has been used for measuring ice forces on structures. Generally
speaking, there are 3 different methods. They are the in-situ ice
measurements (Metge et al., 1975; Templeton, 1979), which mea-
sures the stress in an ice cover; the interfacial method, which
measures the ice pressure at the ice/structure interface; and the
structural response method, which measures the responses of the
structure and calculates the ice force acting on the structure.

The interfacial method was effective and widely used in the
past. Instruments for measuring ice force at the ice/structure inter-
face are typically designed in the form of flat panels, often called
flatjacks. There are different kinds of panels. An earlier sensor, the
Esso sensor, used the changing electrical capacitance of the panel
as an index of its overall deformation; its nonlinear behavior and
susceptibility to drift gave rise first to the Medof panel and later to
the EPR sensor. The Medof panel (Metge et al., 1983, Pilkington
et al., 1983; Frederking et al., 2002) used fluid displacement sen-
sors. The panel is filled with calcium chloride solution, and it can
measure only an average response to applied stress; its response to
stress varying at a frequency exceeding about 1 Hz is not satisfac-
tory. Nonetheless, the Medof panel has yielded a large amount of
extremely valuable data. The EPR sensor (Templeton, 1979; Chen,
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1981) is a thin metal panel using internal strain-gauged metal ele-
ments to measure load. Then, the Hexpack sensor (Graham et al.,
1983) again uses strain-gauging to measure deformation of the
internal stiffening members of the panel. The panel may be fitted
with a large number of strain sensors, which in principle allow
the panel to measure areal distribution of stress over it.

In China’s Bohai Sea, many jacket platforms have suffered from
ice force during every winter. In order to deal with the ice prob-
lems, we need to know the characteristic of ice force on these
kinds of structures. The best way to get it is to measure it directly
on prototype structures. The earliest study was carried out at the
JZ 20-2-1 Platform in the winters of 1989 and 1900 by HSVA
(Wessels and Jochmann, 1991). Later, we independently designed
and developed a kind of ice load panel, applied it on some jacket
platforms, and measured some real ice force. In this paper, the
specially designed ice load panels are described in detail. The fac-
tors that should be considered during the design process of the
panels are also proposed.

MEASUREMENT PRINCIPLE OF ICE LOAD PANEL

Physical Model of Load Panel

Since the ice load panel is not a standard item, its principle
will be discussed as follows. Fig. 1 shows its physical model,
which consists of 3 parts: the backing plate, the elastic cell and
the rigid cover. The backing plate will be connected to the leg
of the platform as a supporter. The elastic cell is the core of the
load panel, used to measure the response of the panel induced by
ice force. The ice will act on the rigid cover directly. The rigid
cover transports the ice force acting on it to the elastic cell. The
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Fig. 1 Physical model of load panel


