Predicting Movable Bed Roughness in Coastal Waters
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Accurate estimates of the bottom boundary shear stress are essential for accurate predictions of sediment transport. The
maximum bed shear stress, 7;,,, under pure waves can be found by:
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Tpm = Epfwulgm (1)
where p is the fluid density, f,, = f,, (Ap, /ky,) is the wave friction factor, u,,, is the maximum near-bottom orbital velocity, 4,
is the near-bottom excursion amplitude (u,,, /), and k,, is the equivalent Nikuradse sand grain roughness. In the ripple regime,
the roughness is usually taken as a function of the ripple geometry, which is predicted from fluid, flow, and sediment
parameters. For example, the wave friction factor equation proposed by Swart (1976):

( A
| 0.3, bm < 1,59

fw = { A, 0194 4 " (2)
bm bm
texp {5.213 < 7 ) — 5.977}, k_ > 1.59

n
is widely used. Another expression is given by Madsen (1994), who includes an expression for the phase lead, ¢,:
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It has been shown (e.g., Wikramanayake and Madsen 1994, Styles and Glenn 2002), that the roughness in the case of ripples may
be represented as a constant multiple of the ripple height, 1, however, the constant varies depending on the model.

It is proposed that the wave energy friction factor can be directly predicted from the flow and sediment characteristics. The
energy friction factor is related to the wave friction factor by a cosine of a phase angle, which is small (on the order of 20°) and
often neglected (e.g., Wikramanayake and Madsen 1994). As the ripple geometry is not required for the sediment transport
problem, predicting it is an unnecessary step in the calculation of the friction factor and introduces additional error. Cartsens et
al. (1969), Lofquist (1986), Mathisen (1989), and Rosengaus (1987), measured the energy dissipation of movable beds under
periodic waves; Mathisen and Rosengaus also conducted experiments under random waves. These data sets were used directly
to determine a relationship between the energy friction factor and fluid, flow, and sediment characteristics. It was determined
that the Shields parameter best correlates the data:
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where f,, = f,,(k, = d) is the friction factor for a flat sand bed, s is the ratio of sediment to water density (s = 1.65 for quartz),
g is the acceleration due to gravity, and d is the sediment grain diameter. It can easily be shown that in the typical range of

Apm [k = Ay /d, the different formulations for the wave friction factor give nearly identical results. The periodic and random
data was found to correlate well when the significant value of the near-bottom velocity was used in i, that is, up,,, = \/Eubyrms
for random waves.

A large set of moveable bed data under periodic and random waves was analyzed to determine a relationship for the ripple
geometry in order to compare the two prediction methods. Seventeen data sets with periodic waves were analyzed along with
six data sets with random waves. The significant value of the near-bottom velocity was used in the ripple height prediction as
well. Only lab data was used in the ripple height formulation so that it could be compared with the energy dissipation data, all of
which are from the lab. We will present an analysis of how well the relationships determined here for laboratory waves fit
available field data.

Fig. 1 shows the ripple height, normalized by the maximum near-bottom excursion amplitude, as a function of the Shields
parameter for the periodic and random data. Fig. 2 shows the energy friction factor plotted against the Shields parameter for
both the periodic and random data. The solid line is the best fit line of the data, and the other two lines are the wave
friction/energy factors calculated using equations (2) and (3) with the roughness taken as 2 and 8 times the predicted ripple
height, respectively, with the ripple height predicted by the best fit line shown in Fig. 1.
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Figure 1: Normalized ripple height as function of Shields parameter

When an appropriate roughness factor is used with each of the friction factor models, the resulting function corresponds
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Figure 2: Energy friction factor as function of Shields parameter

well with the data. However, the optimalr oughnes s
8 for

References

factor

for

Swart

S

mod el

Cartsens, M.R., Nielson, F.M., & Altinbilek, H.D. U.S. Army Corps of Engineers, Coastal Engineering Research Center. (1969). Bed forms
generated in the laboratory under an oscillatory flow: analytical and experimental study (TM-28).

Lofquist, K.E.B. U.S. Army Corps of Engineers, Coastal Engineering Research Center. (1986). Drag on naturally rippled beds under oscillatory

flows (MP-86-13).

Madsen, 0.S. (1994). Spectral wave-current bottom boundary layer flows. Proceedings of the 24th International Conference on Coastal

Engineering (pp. 384-398). ASCE.

Mathisen, P.P. (1989). Experimental study on the response of fine sediments to wave agitation and associated wave attenuation. M.S. thesis,

Massachusetts Institute of Technology, Cambridge, MA.

Rosengaus, M. (1987). Experimental study on wave generated bedforms and resulting wave attenuation. Ph.D. thesis, Massachusetts Institute

of Technology, Cambridge, MA.

Styles, R., & Glenn S.M. (2002). Modeling bottom roughness in the presence of wave-generated ripples. Journal of Geophysical Research,

107(C8), 24/1-24/15.

Swart, D.H. (1976). Predictive equations regarding coastal transports. Proceedings of the 15th Conference on Coastal Engineering, 2:1113-32.
Wikramanayake, P.N., & Madsen, O.S. U.S. Army Engineer Waterways Experiment Station, (1994). Calculation of movable bed friction factors

(Contract Report DRP-94-5). Vicksburg, MS.

Acknowledgment: The authors gratefully acknowledge the financial support of the Singapore-MIT Alliance for Research and Technology

(SMART) Center for Environmental Sensing and Modeling (CENSAM).

Ma d s ehe presentetcagb®dch, thelpmoblem of choosing an appropriate fitting coefficient for a given model is
avoided entirely, as the energy friction factor is found directly from the sediment and flow characteristics. If the value of the
equivalent roughness is desired, any model can be used to back-calculate the roughness once the friction factor is determined.
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