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Zhanjie Chen
State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology

Dalian, China

Yunfei Teng
Guangzhou International Campus, South China University of Technology

Guangzhou, China

Jiacheng Wang
State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology

Dalian, China

Bin Wang
Key Laboratory of Far-Shore Wind Power Technology of Zhejiang Province

Hangzhou, China

Liang Cheng
Guangzhou International Campus, South China University of Technology

Guangzhou, China

Guoqiang Tang†
State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology

Dalian, China

Physical laboratory tests are conducted to investigate the maximum inline force acting on seabed blocks under regular
waves. The maximum shear forces determined from the logarithmic-law fit (based on wave-boundary-layer velocity mea-
surements) are compared with the maximum inline forces directly measured by a strain-gauge-type load cell. It is found
that the logarithmic-law fit results are about 40% to 60% smaller than the directly measured results under the conditions
of a/ks = 60011107, where a is the semiexcursion of fluid particles in the freestream, and ks is the equivalent seabed rough-
ness. Based on the direct force measurements, a new correlation formula, together with a correlation between the seabed
roughness and the spatial solidity, is proposed to estimate the inline force coefficient f , which forms the basis for predicting
the inline wave force acting on seabed blocks.

INTRODUCTION

Seabed blocks, such as geocontainers, artificial concrete mat-
tresses, rip-raps, and the like, are commonly used for scour
protection around subsea structures or as secondary stabiliza-
tion measures for subsea cables/umbilicals. The estimation of
the inline force acting on these seabed blocks is necessary for
the in situ stability design of seabed blocks. This paper is con-
cerned with the quantification of this inline force under wave
conditions.

On the basis of the studies of Riedel et al. (1972), Kemp and
Simons (1982), Mirfenderesk and Young (2003), and Huo et al.
(2007), the maximum inline force acting on seabed blocks can
be approximated by the maximum shear force acting the seabed
that accommodates these blocks. The force coefficient f is thus
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defined as
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where Fmax represents the maximum value of the total inline force
acting on the blocks, S is the total seabed area, � is the fluid
density, and Umax is the maximum horizontal velocity of water in
the freestream.

One of the widely adopted methods for estimating f is to estab-
lish empirical correlations of f with a/ks , where a is defined as
a = UmaxT /2�, with T being the wave period. The equivalent
seabed roughness ks is, in turn, dependent on the geometry, size,
and spatial distribution of seabed blocks. For example, a widely
used correlation proposed by Swart (1974) reads as follows.

f = exp6505 4a/ks5
−002

− 60371 a/ks ≥ 1 (2)

This formula was based on a number of direct force measurements
as described in Riedel et al. (1972).

Figure 1 presents available data acquired from the literature
with a/ks≤10. Amongst these data, the results reported by Riedel
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