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Fig.1 (a) Design drawing and (b) picture of the experimental device
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Fig.3 Some water level data and outflow flow data of triangular weir
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Fig.4 (a) Water weighing and (b) normal distribution test results of the preliminary experiment
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Tab.1 Manning roughness coefficient in different experimental scenarios

W EHATEE dmm  EEHA/mm i KRS K /(m/h) JKE /mm R BTRER R E N
1~2 1.42 0.03~0.12 1~25 0.40~22.00 550~14000 0.002~0.060
2~4 2.87 0.03~0.13 1~25 1.60~23.00 550~13000 0.020~0.064
4~6 4.57 0.05~0.14 1~25 1.80~20.00 550~12500 0.021~0.080
8~10 8.74 0.06~0.16 1~15 2.40~16.00 550~8000 0.027~0.075

12~15 13.36 0.07~0.17 1~12 2.00~18.00 550~7000 0.017~0.072
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Fig.5 Variation of manning roughness coefficient with gradient under different surface roughness conditions

®2 ZERABHEMETER
Tab.2 Results of Multilayer Perceptron (MLP)

2 Y%
WU BT ST SIMRGT ST SRR FHIE
WeRE 19.2 23.9 24.4 25.6 25.6 22.8 23.58
S 23.4 26.6 253 21.6 234 23.9 24.03
SRR 34.2 33.6 30.2 27.7 28.7 30.3 30.78
TR AR 13.1 7.3 9.2 10.3 12.0 8.4 10.05
M FRE 10.1 8.6 10.9 14.8 10.3 14.6 11.55
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Tab.3 Training and estimation results of support vector machine (SVM)

" FIm I U T ) SR S Y00 )
RMSE R RMSE R RMSE R
H—E 0.04 0.79 0.15 0.23 0.42 0.19
ST i 0.15 0.25 0.13 0 0.38 0.01
SRR 0.05 0.71 0.43 0.03 0.53 0.01
R HAR 0.22 0.22 0.47 0.44 0.65 0.38
M FERRE 0.05 0.71 0.23 0.64 0.75 0.11
2RRZE BRI 0.11 0.44 0.12 0.21 0.55 0
P+ KR 0.10 0.37 0.09 0.45 0.46 0.02
- A 0.06 0.73 0.18 0.64 0.58 0.20
PR+ MR 0.06 0.67 0.12 0.39 0.46 0.11
ST -+ S K IR 0.03 0.88 0.12 0.03 0.38 0
S S R AR 0.08 0.58 0.19 0.20 0.41 0
SIS R 0.07 0.67 0.12 0.25 0.39 0.05
T KR AT AR 0.10 0.36 0.13 0.30 0.57 0.20
ST A T LA 0.06 0.69 0.08 0.44 0.95 0.18
TPV AR+ M B RS 0.02 0.92 0.05 0.78 0.35 0.38
IRMAIER B S I+ S KR 0.01 0.96 0.03 0.90 0.84 0.31
WP+ S BT T B AR 0.04 0.78 0.07 0.57 0.36 0.09
I P+ S g+ b A R 0.07 0.66 0.15 0.29 1.43 0.16
PR+ BRI P2 B AR 0.02 0.91 0.11 0.79 3.30 0.09
R+ T2 KR+ b F R 0.05 0.69 0.17 0.50 0.47 0.11
SR+ SRR R P2 A 0.11 0.43 0.12 0.32 0.38 0.14
S A+ S KR BB S 0.02 0.87 0.04 0.92 1.68 0.08
A KA 2 T A+l B 0.02 0.91 0.03 0.78 1.25 0.13
AFPHE BRSNS K SRR T B AR 0.01 0.97 0.01 0.96 0.18 0.52
e+ SN G e+ S AR+l R A 0.01 0.96 0.02 0.91 0.57 0.36
S A+ S K Rt RS JBE -+ R4 EAR 0.01 0.95 0.02 0.88 0.38 0.29
P+ S KR+ SR TP B AR 0.01 0.97 0.02 0.84 6.47 0.38
I JEE ST ST P B+ MR I 0.02 0.90 0.09 0.74 6.86 0.53
SANPRIZR 3k S I AL i S K R R R RS R T 0 0.98 0.01 0.91 0.44 0.45

RRCIiLE:
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Experimental study on determining Manning roughness
coefficient during slope runoff process

CHENG Yashan'?, WANG Zhonggen", LI Jun’, HUANG Zhen'?, YE Xiangyu'?, TANG Yin'
(1. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and
Natural Resources Research, CAS, Beijing 100101, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. Institute of Mountain Hazards and Environment, CAS, Chengdu 610041, China)

Abstract: Manning roughness coefficient is the key parameter of flow velocity calculation. Overland flow is
significantly different from open channel flow. In this study, we focused on the application of Manning formula
in calculating the velocity of overland flow. Compared with open channel flow, the depth of overland flow is
very shallow, sometimes only a few millimeters. Thus, vegetation, soil, surface roughness, and other factors have
more obvious impact on overland flow. Therefore, the existing open channel flow Manning roughness coefficient
cannot be directly used in overland flow. In order to determine the Manning roughness coefficient of overland
flow, in this study we developed an indoor experimental system with variable roughness on slope, which
includes a water supply system, an experimental tank, and an observation and data recording system. In this
system, we used uniform river sand on the flat plate to simulate different roughness of the underlying surface,
and placed it in a water tank. The stability and accuracy of the water supply system were verified by 87 pre-
experiments. The results show that when the water supply was stable, the discharge was consistent with the data
displayed by the electronic flow meter. The 87 groups of weighing data are relatively stable and consistent with
normal distribution, and the data are within the 95% confidence interval. Then we designed 166 experiment
scenes through a combination of different slopes, surface roughness, and water supply flow to explore the
relationship between experimental conditions and Manning roughness coefficient. Among the 166 experiment
scenes, a total of six kinds of roughness were designed. The water supply flow ranged from 1 to 25 m’/h. The
slope was between 4°-25°. We used the volume method to calculate the average diameter of the river sand and
the chain method to calculate the surface roughness. The experiment data were processed for Support Vector
Machine (SVM) training and forecasting, which used root mean square error (RMSE) and coefficient of
determination (R®) as the evaluation indices, considered slope, measured flow, measured depth, average diameter
of the river sand, and surface roughness as the independent variables, and Manning roughness coefficient as the
dependent variable. The results show that no matter how many kinds of factors were considered, it was difficult
to predict the Manning roughness coefficient of laminar flow and transitional flow by the training results of
turbulent flow, which indicates a different influence mechanism in different flow patterns. In order to predict the
Manning roughness coefficient accurately, we need three factors at least, and measured water depth must be
included. When considering four or more factors at the same time, the Manning roughness coefficient could be
accurately predicted in turbulent flow.

Keywords: Manning roughness coefficient; slope experiment; Support Vector Machine



