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Fig. 1. Various shapes of triangular sections
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Fig. 2. Types of different roughness distributions for
triangular sections
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Table 1. Name, Geometry and hydraulic parameters of

experiments
Experiment Name (CI;In) (cﬁ 2) Qqit/s) U (ms'l) Fr
1 TRI1-T1-HI5 15 954 1.59 0.165 0.136
2 TRI-T1-H25 26.5 297.9 6.55 0.222 0.138
3 TR1-T1-H35 34 117 12.17  0.250 0.136
4 TRI1-T2-H15 18.3 142 3.1 0.223 0.167
5 TR1-T2-H25 25 265.1 6.79 0.261 0.166
6 TRI1-T2-H35 34 490.4 15.41 0.304 0.165
7 TRI1-T3-HI5 16 108.6 1.47 0.140 0.112
8 TRI1-T3-H25 262 291.2 5.14 0.179 0.111
9 TRI1-T3-H35 35 519.6 11.16  0.206 0.110

10 TR2-T1-H15 143 106.3 1.89 0.180 0.152
11 TR2-T1-H25 25.6 3409 8.18 0.235 0.150
12 TR2-T2-H15 15 117 2.53 0.221 0.182
13 TR2-T2-H25 25 325.1 9.0 0.267 0.170
14 TR2-T3-H15 15 117 1.65 0.145 0.119
15 TR2-T3-H25 25 325.1 6.32 0.188 0.120
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Fig. 3. Architecture of ANFIS model based on Takagy- Sugeno Fuzzy Inference System with two inputs, two
rules and one output
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Table 2. Results of neuro-fuzzy model with different input parameters

Input parameters Training Validation
R*(%) RMSE MAE R*(%) RMSE MAE

vz H 52.15 0.0262 0.0226 44.64 0.0288 0.0245
T T’T
y z H S .S 52.12 0.0263 0.0226 46.61 0.0280 0.0241
70T 05 o IR
y z H 92.24 0.0106 0.0081 88.19 0.0131 0.0109
% ‘¥ ;? qp, N
y z H 92.18 0.0106 0.0080 88.39 0.013 0.0099
; l; ‘; lSL 5SR ‘nL ) nR
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Table 3. Results of neuro-fuzzy model with different membership functions of input and fixed output

membership function

Membership Training Validation

functions R*(%) RMSE MAE R*(%) RMSE MAE
Gbellmf 82.90 0.01572 0.0126 80.45 0.01701 0.01260
Gaussmf 82.96 0.01569 0.0196 80.04 0.01718 0.01279
Gauss2mf 82.53 0.01589 0.0214 80.85 0.01683 0.01264
Trimf 80.58 0.01675 0.0293 76.20 0.01874 0.01434
Dsigmf 79.92 0.01703 0.0130 78.66 0.01778 0.01354
Pimf 79.30 0.01729 0.0132 78.28 0.01793 0.01370
Trapmf 81.28 0.01644 0.0126 79.35 0.01748 0.01334
Psigmf 79.92 0.01703 0.0130 78.66 0.01778 0.01354

T b Caghe ml s oo e Cophe w5 b eae - (50 Je i =Y Jsas
Table 4. Results of neuro-fuzzy model with different membership functions of inputs and linear output

Membership Training Validation
functions R (%) RMSE MAE R (%) RMSE MAE
Gbellmf 91.18 0.01123 0.0086 84.33 0.01424 0.01090
Gaussmf 91.85 0.01085 0.0083 87.28 0.01370 0.01069
Gauss2mf 90.23 0.01144 0.0094 79.53 0.01522 0.01132
Trimf 92.18 0.01063 0.0080 88.39 0.01304 0.00990
Dsigmf 90.14 0.01194 0.0093 76.13 0.01869 0.01394
Pimf 89.79 0.01214 0.0093 78.64 0.01814 0.01323
Trapmf 89.97 0.01204 0.0092 82.45 0.01619 0.01213
Psigmf 90.17 0.01191 0.0093 77.63 0.01867 0.01338

22l (556 (san 4d 55 iy LANFIS sladus b5l i -0 Jsu
Table 5. Validation results of ANFIS models using reduction fuzzy clustering method

r Training Validation

R (%) RMSE MAE R (%) RMSE _ MAE
0.9 89.97 0.01204 0.00930 86.13 0.01424 0.01092
0.7 87.31 0.01354 0.01050 78.60 0.01790 0.01305
0.5 89.58 0.01227 0.01204 82.67 0.01602 0.01226
0.3 94.14 0.00920 0.00950 49.98 0.03449 0.01790
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Fig.4. Velocity contours (m/s) for TR1-T3-H15 section using
(a) The experimental data and (b) predicted data

Shoslizal U TRIST3-H1S shaia (51 (0/5) S o sl 58 -F IS

e goosls (b5 28 LT sbassls (@

197 JLu & aglois PA aggn

ulsls g ul daa oY



dx.doi.org/10.22093/wwj.2017.1143.1

g il pus (510, 9IS T

%% S | gas
0.2 -
= ‘E|15— 024 L
014 -
(-]
a)
D T T T T T
01 005 o onos o1
z(m)

9 S o Cwsl 423l 5 ANFIS oS ol ol syl «S aily
el (e elie SES L1 shate o 5l g5 0L 2 (20
23l b S a g0 o o SLe M) 3l oslizal b St gs o) s
bgia S ol T oo sty (s = (556 s |
sty by o ol g ie ol sl 0 ol 50 s
slados s ge Co s DL 5l Lol dae g

el as Y g 5 plaa s o ST 5 ANFIS
X0 g/ Sl 65 b blia  wims e ol s
St 3l sl Ko wblis 4 s (Y JS3 55 T ehaia)
SISO SN I JORCHIN BN LA P RCAVS TS I
MAE , RMSE R’ ,,5lis L, TRI-T1-HI5 e 53 (ies
e Sl oy /N 5 AY NV/AY L ol e S
Szl (Y JS8) T3 ablio 4 bgy o gl o Sy Sl
Jd o ool (K5 53 S 0Ll S o Sle s s

.@\ngﬁmy.,ﬁdb\;ckmoﬂlﬁswbpaﬂ
e b st Cos e ladds 2 Y IS 51D A glecend s
1 o ST Sledbl bl s sa g5loars

TRI-T3-H35 5 (3Ll o ) TRI-TI-HIS i lasl

0F  ullsldguldaa

0.25

024

015

014

0.05

01

z(m)
Fig.5. Velocity contours (m/s) for TR1-T2-H25 section using
(a) The experimental data and (b) predicted data

Shoslizal UTRI-T2-H2S ahais (51 (M/s) S (slo 558 -0 S

e slaesls (b g) @K&ibﬂ sesls (a

T
+  Vave

036H Y max Model

0341
W max Model=1.119V ave+0.03189,

- .

032f

W max Model{m/s)

0.2

014

0.22 0.24 026 0.28 0.3
W ave(m/s)

0.16 0.18 02

Fig.6. Linear relationship between Vmax and Vave

Vave 3 vmax o= Lfk’. ‘\LJ‘J —? J&J

155 oo e 3lin Sl slizal b plak 51 55508 15 2
(Qobs) p&islosl o3 joolie s SL3JANFIS 55, wsad
bz as s Sl sad osls Ol 7 Jguz 55 (Quoder) (oS
o2 [(Quodel —Qobs)/Qops] X100 atasl 5 51 esla Ly s
sydma 535 Jpi 33 ot il gUns aoys slin 1343 o
do 3 Y/YE L gma lbas as s lls 5035 -Y/0OY 5 Y/4Y

1497 JLu & aglodi PA aygn



dx.doi.org/10.22093/wwj.2017.1143.1

g il pus (510, 9IS T

chaia s s AL S ANFIS sladue oo go s o Sle M|
Table 7. Comparing depth-averaged velocity values
resulted from local velocity information of ANFIS and

5&3‘5.»)]3

Table 6. Results of laboratory and predicted discharge
for all examined sections

experimental models in each section Test Test Qu(em¥s)  Qpogaem’s) Error
Expermiet  Name  R%(%) RMSE MAE number 5! MAME - Mobs model (%)
1 TRI-T1-H15 7197  0.17 0.16 1 TR1-T1-H15 1.59 1.58 0.75
2 TR1-T1-H25 64.92 0.23 0.21 TR1-T1-H25 6.55 6.63 -1.19
3 TRI1-T1-H35 6482  0.26 0.24 3 TR1-T1-H35 12.17 12.25 -0.67
4 TR1-T2-H15 21.14 0.22 0.22 4 TR1-T2-H15 3.10 3.18 -2.63
5 TRI1-T2-H25 5.590 0.27 0.26 5 TR1-T2-H25 6.79 6.93 -2.03
6 TR1-T2-H35 29.53 0.3l 0.29 6 TR1-T2-H35 15.41 14.96 2.92
7 TR1-T3-H15 1.57 0.14 0.13 7 TR1-T3-H15 1.47 1.52 -3.53
8 TR1-T3-H25 0.99 0.17 0.16 8 TR1-T3-H25 5.14 5.23 -1.73
9 TR1-T3-H35 0.73 0.21 0.19 9 TR1-T3-H35 11.16 10.72 3.93
10 TR2-T1-H15 68.74  0.20 0.19 10 TR2-T1-HIS 1.89 1.92 -1.66
11 TR2-T1-H25 67.71  0.26 0.24 11 TR2-T1-H25 8.18 8.03 1.90
12 TR2-T2-H15 26.06 0.23 0.22 12 TR2-T2-H15 2.53 2.59 -2.14
13 TR2-T2-H25 3577  0.29 0.28 13 TR2-T2-H25 9.00 8.70 3.28
14 TR2-T3-H15 2047  0.15 0.14 14 TR2-T3-H15 1.65 1.70 -2.64
15 TR2-T3-H25 20.32  0.21 0.19 15 TR2-T3-H25 6.32 6.13 2.91
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Fig 7. Depth- averaged velocity profile of the sections based on experimental data and predicted values
(a) TR1-T1-H15, (b) TR1-T3-H35
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