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Tab.1 Main parameters of data set

LGP Sl HeHl h/m H,/m

T/s dso/mm

wy/(m s s™1) 7/cm A/em

Van Rijn(2007)L] Lsg7N
Grasmeijer 25 (2004)10] LSZAN

1. 350~2. 900 0. 170~0. 650

Williams 4 (2004) [11]
O'Donoghue 4 (2001)12) K fl
Van der Werf 25(2006)[13] TK

0. 400~0. 750

0. 750~0. 800

TRt/ BN 0. 500~25.000 0. 200~1.470 0. 57~15.28 0.010~0.913 0.120~1. 191

0~19. 000 2.00~15.00 0.180~0.440 0.209~0. 940

4.50~9. 10 0. 300 0.170~0.730 3.50~11.00 12.00~130.00

1. 410~5. 290 0. 350~1. 240 3. 95~10. 45 0. 240 0.230~0.985 7.00~10.00 19.00~170. 00

0~19.20 4.00~105. 00

0~19.36 6.00~121. 00

0~35.000 3.10~12.50 0.210~0.440 0.447~0.775 1.50~14.10 14.40~110.70

Hanes % (2001)14] BFHh 3.700~5.030 0.200~2, 690 1.70~19.70  0.157  0.121~2.401 0.50~9.90 35.00~270. 00
Thorne % (2002) 1] KAt 4, 00~6. 00 0. 330 0.257~0. 658 4.00~6.50 26.20~51. 30
Faraci 25 (2002)[16] JKAl0.280~0.295 5.700~13.700 0.25~4. 18 0. 250 0.127~0.350 0.68~2.12  4.40~10. 65
Pedocchi % (2009) 17 KA 4,50~9.10 0. 250 0. 160~2. 860 6.00~19.00 5.00~180. 00
Yamaguchi 2 (2011)118) JKAE 0. 200~0. 600 0~0.222  1.25~5.00 0.320~0.730 0.158~0.407 0.70~4.10  4.70~25.70
Wang %5 (2018)[19 KAt 3.13~6.25 0.510 0. 400~0. 800 4.00~13.00 28.80~79. 90
Petrotta %5 (2018)[20] it 0.057~0.157 0.95~1.10 0. 250 0.241~0.521 0.44~1.49  3.34~6. 14
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Fig. 1 The measured value of dimensionless ripple height and the model of Ni81 regular wave, Ni81 irregular wave, VR89,GK04,and Eq. (12)
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Fig. 2 The measured value of dimensionless ripple length and. the model of Ni81 regular wave, Ni81 irregular wave, VR89,GK04,and Eq. (13)
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Tab. 2 Prediction model calculation errors
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Fig. 3 The measured value of 7//A and the model of Ni81 regular wave, VR89 and the calculated value curves of Eq. (12) and Eq. (13)
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Response analysis of sand ripple form to wave elements
WANG Yingxin', LI Ruijie"?, LI Yuting’
(1. Key Laboratory of Coastal Disaster and De fence ,Ministry of Education +Hohai University , Nanjing 210098 ,China;
2. Laboratory of Ocean Environment , Hohai University , Nanjing 210098 ,China; 3. Key Laboratory of Virtual
Geographic Environment of Ministry of Education , Nanjing Normal University , Nanjing 210023 ,China)

Abstract: Sand ripple movement widely exists in the impinged riverand.coastal zone, and the ripple shape leads to the obvious
change of bed surface roughness, which has a significant influence-on the total resistance of the bottom bed. For ripple height
and ripple length calculation methods, many scholars did ¢omprehensive research, but due to the diversity of each factor affect
the ripple scale and the complexity of interconnected, the different research methods,and the differences between the source and
water features, lead to the existing formula of ripple shapestructure that is diversiform,and the calculation formula lack univer-
sality due to an error in the formula under different hydraulic conditions.

The general expression for calculating tipple height and ripple length was established based on adapting wave conditions to
ripple shape. A total of 385 groups of field:meaSuréd data and flume experimental data were used for fitting analysis from 1957
to 2018, and the calculation formula“for ripple height and ripple length based on the mobility number of near-bottom wave water
quality point was obtained. Compared with the existing ripple calculation models, the influence rules of the mobility number on
the ripple shape and the advantages and disadvantages of each model were analyzed and demonstrated. Two statistical error pa-
rameters RMSE and MAE were used to evaluate the degree of concordance between the predicted ripple height and ripple length of
each prediction model and‘the actual value,and the accuracy of the formula was measured according to the calculation error. At the same
time, the calculation formulas of ripple height and ripple length were applied to calculate the bottom rough height of the bed. The variation
characteristics of ripple surface roughness under wave action and the rationality of the ripple formula were discussed by comparing with the
existing models,and the parameters in the formula were calibrated using measured data. The formula of ripple shape and bottom roughness
were introduced into the calculation of the bottom friction coefficient of waves,and the influence of the calculation method on the calculation
result of the bottom friction coefficient was discussed.

The Eq. (12) and Eq. (13) for the ripple height and the ripple length were obtained by fitting analysis of measured data.
The analysis showed that the dimensionless ripple height and ripple length were related to the mobility number, and decrease
with the increase of the mobility number. Based on measured data,compared with Ni81 regular wave model, Ni81 irregular wave
model, VR89 model,and GK04 model, the calculated values of Eq. (12) and Eq. (13) had higher accuracy, which could be ap-
plied to the prediction of the ripple height and the ripple length in both field flow and flume experiment,and the expression form
of the formula was more general. The bottom roughness had a high sensitivity to wave parameters. According to the measured
value, the parameter q in the bottom roughness formula was calibrated,and o was set as 24. 5. The ripple scale formula was sub-
stituted into the bottom friction coefficient under wave action,and the calculated results were in good agreement with the repre-
sentative experimental data,indicating that the newly obtained ripple scale formula could be applied for bottom friction coeffi-

cient calculation.
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control levee considering ecological resilience of riparian zone, so as to provide decision support for the formulation of urban
levee safety optimization scheme in the context of climate change.

Aiming at the uncertainty in the elevation optimization model of flood control levee, an interval mixed-integer stochastic ro-
bust optimization model was established. The model could not only regulate the ecological resilience of riparian zone to resist
flood, but also deal with the uncertainty of parameters in the optimal design of levee elevation. These uncertain parameters in-
cluded the flood peak level in the form of the probability distribution function and the economic cost in the form of interval val-
ue. Besides, considering the dynamic change of riparian ecosystem resilience to flood due to the impact of climate change, binary
variables were introduced into the model to indicate whether the restoration and reconstruction of the ecological riparian zone
were necessary. Moreover, decision-makers could also make a quantitative trade-off between system stability and economy by
setting different risk parameters.

The developed model was applied to three planned areas located on both sides of the urban river. Under the condition of the
different flood peak levels and riparian ecological resilience, the optimal design elevation of the flood control levee was obtained.
The result showed that when the value of the risk parameter was 0. 5, the system cost was [ 4. 872,6. 552 million yuan, Before
ecological reconstruction, the designed elevations of the flood control levees in the three areas were11.8,[13.0,13.8],13.9
meters., respectively. It could be seen that the impact of uncertain factors caused by climate change.on.the second region was
more obvious. Affected by extreme flood disasters, ecological reconstruction was needed in thefirst area to increase the resilience
of the riparian zone against floods when the flood level ranges from medium-high to very-high. Correspondingly, the levee needed
to be raised [ 2. 8,3.5],[3.5,4.0] ,and [ 2. 8,3. 5] meters respectively. The situation.in. the second area seemed to be different.
It only carried out ecological reconstruction at very-high flood level,and after the reconstruction, the flood-control levee in this
area increased [ 3. 0,4. 0] meters. In addition, when the flood level was mediumshigh, and very-high, the flood overflowed the
levee and submerged the third area. Furthermore, when the value of the risk parameter increased from 0 to 1, the system cost in-
creased from [ 4. 809,6. 437 ] million yuan to [ 4. 926,6. 656 ] million yuan. Atthe same time, the stability of the model result
was improved.

It could be seen from the results that when the overall flood control capacity of the region was not enough to resist the in-
trusion of the extreme flood, the model would prioritize thé allocation of excessive flood to subareas where the cost of flood dam-
age was lower. Also,it must be recognized that there was a trade-off between system stability and economy. Therefore, in practi-
cal application, decision-makers should comprehensively. consider the extreme flood risk caused by climate change and the sys-
tem’s resilience to resist extreme floods. Based/onsthis, appropriate risk parameter values should be selected to control the pro-
portionality of the optimization results, so.as t6 obtain a better decision-making scheme. The results of the case showed that the
model could provide decision-makers with 4. reasonable flood control optimization strategy that considered the ecological resili-
ence of riparian zones,and could provide a reference for the study of urban levee safety strategy under climate change.

Key words: ecological resilience; riparian zone; flood levee; uncertainty;op timization model
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The shape of the bed surface and the ripple scale affect the energy dissipation and flow state of the wave bottom boundary
layer, and the ripple scale had a significant effect on the roughness of the bed surface. However, there were some differences in
the calculation methods of the ripple height and the ripple length. The new formula for calculating the shape of the ripple was
more accurate and could better reflect the influence of the ripple scale on the friction coefficient of wave bottom. The new formu-
la is more general in expression form and easy to be applied in engineering. This paper provides an effective basis for analyzing
the shape resistance of bed surface under wave action and also provides a reference for further studying the total resistance of
bed surface and sediment transport.

Key words: sand ripple moving; wave; mobility number; effective roughness; wave friction
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