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Calculation formulae for spur dike and submerged spur dike
MA Xing-hua, ZHOU Hai
( CCCC Shanghai Waterway Engineering Design and Consulting Co., Ltd., Shanghai 200120, China)

Abstract: Based on the implementation of the 12. 5 m deep-water channel regulation project ( phase I) in the
Changjiang river downstream of Nanjing, this paper focuses on the scouring issues of applied regulation structures,
studies the regularity, main influence factors and mechanism of general scour as well as scouring around the
submerged spur dike, and respectively deduces in line with the fundamental theory of river dynamics the semi-
empirical and semi-theoretical formulas for calculation of scouring depth resulting from initial flow velocity and
initial shear stress. Based on practical examples of scouring occurred around non-submerged spur dike and the
results of numerical scouring modeling for submerged spur dike, these formulas are verified and calibrated with good
effects, and they are not only applicable to the calculation of scouring depth around the non-submerged and
submerged spur dikes, but also suitable for the calculation of scouring depth developed at longitudinal dike and
revetment in view of the fundamental theory of river dynamics. This paper makes a systematic summary of the major
study results related to the semi-empirical and semi-theoretical formulas for calculation of scouring depth.
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860 1. 67 70 25 1.33 2.363 6.35 1.12 0.78 7.1 5.0 0.31 2.73 0. 99
760 1.43 90 30 1.33 2.538 7.75  1.09 0.78 8.5 6.0 0.31 3.21 0. 99
681 1.43 131 29 1.33 2.625 6.15 1.60 1.14 9.8 7.0 0.31 3.73 0. 99
560 1.25 50 28 1.33 2.538 4.25 1.86 1.31 7.9 5.6 0.31 3.02 0. 99
488 1.25 28 31 1.33 2.538 3.45 218 1.54 7.5 5.3 0.31 2.88 0. 99
417 .43 107 30 1.33 2.888 7.55  1.59 1.15  12.0 8.7 0.31 4.56 0.98
365 2.00 95 27 1.33 2. 888 7.55 154 1.11 116 8.4 0.31 4.42 0.99
553 1.67 128 40 1.33 2,713 11.05 1.1l 0.80 12.3 8.9 0.31 4.53 0.96
569 1.43 109 32 1.97 2.450 8.69 1.52 1.08 13.2 9.4 0.31 3.57 0.98
518 2.00 98 25 1.97 2.450 9.99 1.21 0.86 12.1 8.6 0.31 3.33 0.99
598 1.67 128 30 1.97 2.625  11.89 1.20 0.86 14.3 10.2 0.31 3.89 0.99
955 1. 67 80 30 2.18 3.063  12.00 1.20 0.85 14.4 10.3 0.31 3.64 0. 99
905 1.43 80 33 2.18 3.587  12.58 1.38 0.99 17.3 12.5 0.31 4.36 0.98
890 1.43 140 32 2.18 3.325  13.90 1.31 0.94 18.2 13. 1 0.31 4.57 0.98
785 1.25 55 34 2.18 3.413  13.90 115 0.82 16.0 11.4 0.31 4.01 0.98
752 1.25 32 32 2.18 3.325 8.50 1.70 1.21  14.5 10.3 0.31 3.66 0.98
730 1.43 105 27 2.18 2,625  11.00 1.22 0.87 13.5 9.5 0.31 3.40 0. 99
640  2.00 105 25 2.18 3413 13.90 1.27 0.91 17.6 12.7 0.31 4.48 0. 99
570 1.67 130 31 2.18 2,975  11.20 1.62 1.17  18.2 13.1 0.31 4.55 0.98
715 1.43 105 47 1.83 2.625 8.05 1.75 1.26 14.1 10. 1 0.31 3.89 0.94
625  2.00 100 48 1.83 2,363 11.05  1.19 0.85 13.2 9.4 0.31 3.63 0.94
625 1.67 125 46 1.83 2.188  12.05 1.08 0.77 3.1 9.3 0.31 3.60 0.95
981 1.67 81 35 1.63 2.450 9.85 0.95 0.67 9.3 6.6 0.31 2.97 0. 98
891 1.43 91 43 1.63 2.538  10.35 1.04 0.74 10.7 7.6 0.31 3.33 0.96
770 1.43 130 35 1.63 2.625  11.35 1.05 0.75 119 8.5 0.31 3.77 0. 98
770 1.25 55 30 1.63 2.625 505 1.87 1.32 9.5 6.7 0.31 3.05 0. 99
761 1.25 11 36 1.63 2.625 4.05 2.09 1.46 8.5 5.9 0.31 2.73 0.98
725 1.43 100 28 1.63 2.363 6.15 1.54 1.09 9.5 6.7 0.31 3.05 0. 99
680  2.00 105 22 1.63 2.450 4.35 219 155 9.5 6.7 0.31 3.09 0. 99
628 1.67 128 40 1.63 2.625 5.65 2.37 1.71 13.4 9.6 0.31 4.17 0.96
831 1. 67 81 27 2.07 2,975  10.59 1.27 0.90 13.5 9.6 0.31 3.57 0. 99
831 1.43 91 28 2.07 2.450 9.19 1.24 0.87 11.4 8.0 0.31 3.02 0.99
735 1.43 135 29 2.07 2,188  10.59 1.10 0.78 11.7 8.2 0.31 3.06 0. 99
728 1.25 58 29 2.07 1.925 509 1.66 1.14 8.4 5.8 0.31 2.26 0. 99
723 1.25 23 36 2.07 2.013 3.29  2.48 1.70 8.2 5.6 0.31 2.18 0.98
710 1.43 110 23 2.07 2.800 8.19 1.64 1.17 13.4 9.6 0.31 3.56 0.99
655 2.00 105 33 2.07 2,713 10.19  1.42 1.02 14.5 10. 4 0.31 3.78 0.98
630 1.67 130 35 2.07 2,625  13.79 1.13 0.81 15.6 11.2 0.31 4.02 0. 98
570 1.67 120 75 1.89 1.925  14.40 1.19 0.86 17.2 12. 4 0.31 3.69 0.77
536 1.43 136 60 1.89 2,100  15.40 1.10 0.80 17.0 12.2 0.31 4.18 0. 88
-2 461 1.46 1.04
R A 2.48 171
e/ A 0.95 0.67

; ; L
L REHARAD, d=0.15 mm; v, = (1448 )0,

2. rRIRR SRS R K, =1, $58im=1/6,



- 132 -

K E I A2

2015 4

M2 alH, M K,=1 (JEKebR)) B, 35
PR SR R (ST 25 L5 A 1. 46, B K HL R
2.48, F/NHBIR 0.95; M K, =1.4 B, R wh
GRISEBR i 8 1Y - X Lo ] 104, e R HE )
171, /N R 0.67, P 1 AH 6 R B N
0.83, VMRS, HEHEE/N.

UL 1) Fd 7K il 353 B9 o I AR L
SRR PR K 40% , K, = 1.4 BT b
SR MRS R, BOW A, HEE R O

H s >3

R3 FZHABEETIN Fluent = 4EKi7ER

K R AN 2 BB v kb FE T S PR R A 8 7D
FFE, T B B e N T K SR AR Y el
Q5 o R SR 5 1) L YA K R[] o AR S Y
KO, TS B k) R0 45 S I ) A X B,
LR bl N TR R, 2) AR A B L
PR
2.2 RV T Fluent B0855 pR ™ 5000F

Ga il DO S Ve R TRT 1 | B S B e T VA RN
SRR IR A XTI IE, SRR 3,

DR ER R WIS HEE

i A Fluent 3853 SFRshmm AR FTF RN AR
BOOUE PR ISk K LGN sRIRTEL sRRIET  eRRD WP A/ WRD VRS RS RS A/ vhED shR] RS Wl
T Pm iKY Lim AL SKEBER A7 R B hy, T ShE BIE SR h, WE WY BIE HOER
A W R 06hJ v,/ W/ A/ by /m hm U,/ FE RN hom B J) FREL EBE M
h/m M B/ (mes') (mes™') RIHT (m-s™") K. FE /Pa K, ZRH
(m-s™") it i K, K,
316 12 5 200 3.0 2.65 2.45 1.55 91.0 0.93 8 0.31 0.79 1.59 0.97 88 4.1 0.78 1.62
32 6 12 5 200 2.5 2.18 2.05 1.50 70.0 0.96 67 0.31 0.81 1.55 0.96 68 2.7 0.80 1.56
33 6 12 5 200 20 1. 80 1.65 1.40 51.0 1.01 51 0.31 0.83 1.49 1.02 52 1.9 0.83 1.50
34 6 12 5 200 L5 1.35 130 1.35 33.4 1.01 34 0.31 0.86 1.41 1.02 34 1.1 0.86 1.41
35 6 8 5 200 2.5 2.30 1.85 1.57 52.2 1.08 56 0.31 0.77 1.66 1.09 57 3.5 0.77 1.67
36 6 8 5 200 15 1.45 115 1.56 29.6 0.99 29 0.31 0.83 1.50 1.00 30 1.4 0.82 1.50
37 6 12 3 200 2.5 2.18 2,05 1.63 76.8 0.92 70 0.31 0.79 1.60 0.92 71 2.7 0.79 1.6l
38 3 15 5 200 2.5 2.39 2,35 1.39 88.8 0.94 8 0.31 0.8 1.50 0.95 84 3.1 0.82 1.50
39 9 12 5 20 25 2.30 1.85 1.64 82.2 0.93 77 0.31 0.78 1.63 0.94 77 3.1 0.78 1.63
310 6 12 5 400 2.5 2.20 2.05 1.53 72.0 0.95 69 0.31 0.80 1.57 0.96 69 2.8 0.80 1.57
311 0 12 5 400 2.5 2.05 2.05 1.42 61.0 0.90 55 0.31 0.85 1.43 0.91 55 2.4 0.85 1.44
312 6 12 5 200 2.5 2.30 2,05 1.28 10.0 1.08 11  0.96 0.92 1.23 1.08 11 3.1 0.92 1.23
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