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Dynamic Responses of Immersing Tunnel Element During Freeboard Elimination
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To ensure that the tunnel elements can be immersed and landed safely, an experimental study with scale model tests was
performed to investigate the dynamic responses of the immersing tunnel element under random waves. The experimental
measurements revealed quantitatively the dynamic behavior of the tunnel element and hoist ropes under different wave
climates and negative buoyancy. From the results, we observed uncontrolled motions of the element and slack in the hoist
ropes during the stage of freeboard elimination. Thus, an important conclusion is that the freeboard elimination scenario
should be checked against cable breakages and the stability of the tunnel element in the design stage, which has not been
highlighted in the past literature.

INTRODUCTION

The construction of a submerged tunnel is a complex and
challenging undertaking. Many engineering design considerations
related to the tunnel elements are involved (Ingerslev, 2005;
Zhao, 2007), including their subsea connection, waterproofing,
transportation and immersion, and protection against earthquakes.
These tunnel elements are typically constructed in nearby yards
onshore, and then they are towed to the site location. Once a
tunnel element arrives on site, it is attached through cables to
large floating pontoons at the site location that are moored to the
seabed. After the cable connection, the tunnel element is then bal-
lasted, immersed, and sunk in place. The analysis of the motion
response of the tunnel element under ambient waves is critical
during the immersion process, as the response directly affects the
accuracy of placement and subsequent ease of connection among
the neighboring tunnel elements.

In the past, much work had been carried out on the in-situ sta-
bility and seismic response of the tunnel elements (Anastasopou-
los et al., 2007; Ding et al., 2006; Kasper et al., 2008). There
had also been studies of the towed transportation of the tunnel
elements (e.g., Hakkaart, 1996). In terms of the immersion pro-
cess, both experimental and numerical studies of the response of
an immersed tunnel element under wave action were conducted
by Zhan and Wang (2001), Zhan et al. (2001), Chakrabarti et al.
(2008), K Chen et al. (2012), and Chen et al. (2009a, 2009b, and
2009c). However, almost all of these studies were carried out in
regular monochromatic waves, and investigations of the immer-
sion of tunnel elements under random waves were rare despite
the fact that random waves are prevalent in open offshore waters.
Recently, ZJ Chen et al. (2012) performed one of the few investi-
gations that examined the motion of a tunnel element under ran-
dom wave action. In their experiments, the movement of the float-
ing pontoons was assumed to be negligible, and the tunnel ele-
ment was immersed by using a fixed trestle over the wave flume
instead. The assumption of fixed pontoons, however, is only an
asymptotic condition, since the wave-induced motion of the tunnel
element, as it is being lowered and immersed by cables attached
to the moored floating pontoons, is the response of a multi-buoy
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system to the wave action. In actual sea states, especially in the
open offshore environment, the motions of the pontoons and tun-
nel element can affect each other significantly; hence, the assump-
tion of fixed pontoons may not be valid at all times. Cozijn
and Heo (2009) carried out both extensive model tests and time-
domain simulations to investigate the dynamic behavior of the
tunnel element and pontoon system at different stages of immer-
sion, with 2%, 3%, and 5% overweight. Their results showed that
the tunnel element and pontoon system was more vulnerable to
longer-period waves. The horizontal tunnel element motion was
largest when the tunnel element was suspended at 0.5 m above
the gravel trench bed, while the vertical motion was largest when
the tunnel element was 1.0 m below the water surface. However,
the dynamic response of the element during freeboard elimination
was not addressed in their study. Ingerslev (2012) pointed out that
the tunnel element could lack stability and might turn over when
the freeboard is small, and this situation can be worse when the
element is subjected to wave actions.

In South China, a “super project” (the Hong Kong-Zhuhai-
Macau Link project) is currently being constructed to connect
Hong Kong, Macau, and Zhuhai. Upon completion, the project
will reduce the traveling time in the region significantly, for exam-
ple, from the current 4.5 hours by road from Hong Kong to Zhuhai
or Macau to only approximately 40 minutes. The project includes
a 10-km bridge section and a 6-km immersed tube tunnel section
crossing the offshore water of Ling Ding Yang. The submerged
tunnel is to be placed on the base trench bottom under 40 m water
depth. The tunnel element is 37.95 m in width, 11.4 m in height,
and 180 or 120 m in length. All elements are to be constructed in
nearby yards onshore, towed to the open site, and then lowered
and immersed through attached cables to two large moored float-
ing pontoons at the site. The dynamic motion responses of the
tunnel element in the immersion process under waves have direct
influence on its subsea positioning, landing, and suspension wire
loads. Therefore, for the design and risk assessment of the tun-
nel immersion, it is critical to assess the dynamic responses under
random wave actions.

The key objective of the present study is to reveal the motion
behavior of the tunnel element and pontoon system during free-
board elimination under random wave conditions. Different com-
binations of wave heights, wave periods, and negative ballast
weights were considered. In particular, we will show that the crit-
ical scenario is during the stage of freeboard elimination when
uncontrolled motions of the element and slack in the hoist ropes


