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Influence of waves on low-permeability closely arranged inclined pile wharves
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Abstract: A certain engineering adopts the scheme of setting closely arranged inclined piles with low
permeability at the forefront of the wharf to conform to the flow state of the forefront, which is combined closely
arranged inclined piles with high pile wharf structure. To investigate the wave reflection and wave load on the new
closely arranged inclined pile wharf structure under different water levels, wave directions, and recurrence periods of
wave action, we carry out overall physical model tests of waves to analyze wave elements under different operating
conditions. The results show that there are significant differences in wave reflection at different positions in front of
the closely arranged inclined piles, with a maximum comprehensive reflection coefficient is 1. 45 and a maximum
comprehensive transmission coefficient is 0. 40. The difference in wave reflection between 90° transverse waves and
25° oblique waves is significant, about 1. 22 times. There are gaps between the closely arranged inclined piles and
upper wave crossing spaces that dissipate wave energy, and the structural scheme is feasible. The use of this scheme
can break the dependence of physical diversion embankments on maritime policies, while reducing the impact on the

marine environment and achieving intensive utilization of complex coastlines.
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Fig.1 Flow pattern distribution

after engineering construction
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Fig. 2 Cross-section of closely arranged inclined pile wharf structure with low permeability (unit: m)
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Tab.1 Wave elements at wharf location under action of WSW and NW waves

W FIIW/a IKA JKAS fm X Hy,/m Hpyg/m  SFHWEE H,m PR T, /s K Lim
50 e 3t 5 7K o7 5.71 M 5.07 3.50 2.27 7.1 73
50 BT KA 4.63 M 4.83 3.37 2.17 7.1 73
WSW 50 BEHRIK AL 0.63 M 4.16 2.92 1.88 7.1 69
10 e s o5 7K AL 5.71 M 3.43 2.35 1.49 5.8 52
10 WAL 4.63 M 3.31 2.28 1.44 5.8 51
o M 6.07 4.28 2.77 8.2 92
50 M it 25 7K AL 5.71
N 6.13 4.32 2.80 8.2 92
o M 5.67 4.00 2.59 8.2 90
50 BT KA 4.63
N 5.73 4.04 2.62 8.2 90
NW
e M 4.68 3.25 2.08 7.1 73
10 e v 5 7K or 5.71
N 4.66 3.24 2.07 7.1 73
Sl M 4.47 3.11 1.99 7.1 72
10 BETTES K AE 4.63
N 4.46 3.10 1.99 7.1 72
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Fig. 6 Layout of wave height gauge measurement points

Fig. 7 Layout of wave pressure sensor measurement points
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Tab.2 Wave distribution at different positions under action of 90 ° transverse waves at different water levels

WS B 50 a F LW 50 a FHL 50 a T 10 a FHL 10 a FHLY
T T (kD CArE) (MK CETE) EArE)
A=N =2
H,,/m H,/m C“*Hls% H,;,/m H,/m C“'”l}% H,;,/m H,/m C“*Hm% H,,/m H,/m C"'le% H,,/m H,,/m CR,HB%

B A
ﬁ% ” - 5.02  3.50 - 4.83  3.37 - 4.16 2.92 - 2.91 2.35 - 2.81 2.28 -
]
REHER - 5.00 3.52 - 4.86 3.37 - 4.19  2.94 - 2.93  2.34 - 2.83  2.30 -

T[T 14 1* 5.27 3.67 1.04 5.40 3.80 1.13 4.66 3.49 1.19 2.97 250 1.07 3.39 285 1.24

L3S 2* 5019 3.69 1.05 532 3.69 1.10 4.57 3.46 1.18 2,99 2.53 1.08 3.26 2.67 1.16

T3k [T 145 3* 5.69 4.31 .22 5.89 4.56 1.35 524 425 1.45 3.57 3.02 1.29 4.13 3.32 1.44

9L 4* 5.82 4.28 1.22 6.10 4.58 1.36 5.27 4.23 1.44 3.49 3.04 1.30 4.07 3.33 1.45

T3/ 50% 5* 5.36 417 1.18 6.07 4.34 1.29 570 3.73 1.27 3.22 278 1.19 3.49 3.01 1.31

o
W98 6" 5.33 404 1.15 59 431 1.28 566 3.9 1.33 3.26 271 116 3.47 297 1.29

)51 fE 7* 1.89 1.41 0.40 1.8 1.33 0.39 1.44 1.22 0.40 1.08 0.87 0.37 0.96 0.82 0.36

e 8* .92 1.40 0.40 1.8 1.36 0.40 1.63 1.15 0.39 1.02 0.8 0.37 0.95 0.80 0.35
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Tab.3 Wave distribution at different positions under action of 25° oblique waves
with extreme high water level and design high water level

i FRAEAL R 50 a FBUHI(N B11X) 50 a LW (M X)) 10 a FHLI (N X)) 10 a HHLHH (M W IX)
VA 95 Hy/m Hpyg/m CR,H13% H,,/m H,/m CR,HB% H,,/m H,/m CR,HB% H,/m Hy/m CR,HB%
P
fﬁﬂii - 6.13 4.32 - 6.07  4.28 - 3.97  3.24 - 3.98  3.25 -
£
AP LR - 6.15 4.33 - 6.04  4.30 - 3.99  3.24 - 4.00 3.28 -
- 3L 1 4% 9* 6.65 475 1.10 6.46 467 1.09 403 3.27 1.0l 3.62 3.18 0.97
Yjfiy 12
ﬁﬂ('{".i LA 10* 6.61 468 1.08 6.71 464 1.08 409 3.37 1.04 3.60 3.10 0.95
=i )
LR A 11f 6.37 4.88 1.13 6.23 449 1.04 48 3.71 1.15 4.25 3.48 1.06
i 5e 12* 6.35 479 1.11 6.19 441 1.03 449 3.79 1.17 4.37 3.46 1.05
3k 50% 13 6.66 4.57 1.06 6.63 447 1.04 471 3.78 1.17 419 3.21 0.98
LED 14* 6.78 4.75 1.10 6.16 441 1.03 444 3.69 1.14 415 3.22 0.98
-
fiﬂi - 5.73  4.04 - 5.67  4.00 - 3.80  3.10 - 3.81  3.11 -
=
R - 5.70  4.07 - 5.62  4.04 - 3.83  3.14 - 3.84  3.14 -
it 3L HT 1 £ o* 6.31 4.26 1.05 6.36 420 1.04 3.97 3.07 0.98 3.8 3.15 1.00
™Yy o I
“ik{‘* LIS 10* 6.32 429 1.05 6.37 422 1.04 411 311 0.99 3.93 3.13 1.00
Bk A
WL fE 11t 6.41  4.71 1.16 6.44 466 1.15 459 3.71 1.19 438 3.55 1.13
W5 12* 6.43 474 1.16 6.49 469 1.16 4.46 3.67 1.17 435 3.57 1.14
3k i 50% 13 5.90 4.33 1.06 5.8 4.17 1.03 439 3.58 1.14  4.27  3.57 1. 14
M 14* 5.85 4.28 1.05 587 410 1.0l 432 353 1.13 429 3.52 1.12
3.2 PRI R W TR AT 280K 0 45 SR 5 2 ) T TR s S i G SR R A

SRR T OO R, B AR LA T
PIEARI N B AR S th BB NS, R
SR T, AN R 0T A HE R 2 2 A ik
RATEIE AL LR 4, FTLAAE . 1) 90°RRAE
e 7K SIS, % HEARE A2 30 A9 0T A 80 /N T3¢
TR KL N AR 2R, i i YR AR B O I A

—H, 2) EHRRMESZ 284 1 1] 5 5m A97w
SRIUTHE LY 1 2= N B, fE 90° B AR
&, BETURIAR I A s 22 al ik 50% Ao h . 3)
HERE 32 20 1 I s 3 /N T g, BEIR A I B
LR TN a2 = S VA SN CIE) 1S (RS RS R
SRR TRGRAE, S iR/ TRGRAE

R4 90°HEIRFN 25° B AR E AT HERIWE R E RN 45 R

Tab. 4 Test results of wave pressure on closely arranged inclined piles

under action of 90° transverse wave and 25° oblique wave kPa
SR I e st i KA B K AL
Ve ‘ B WA EREsR funik RBIER FAfm EmmK sk FPER [ 26 £ )
R R PR EKIEER RREER R PR mKEER RRIEERIR
1* 26.9 -39.3 26.9 -39.3 31.3 -52.0 31.3 -52.0
W1 2" 20.7 -33.8 20. 1 -31.7 22.3 -30.7 21.7 -30.2
3* 15.4 -27.9 15.0 -26.5 16. 6 -30.6 16. 1 -29.5
4% 15.0 -26.8 14.4 -25.9 15.8 =27.7 15.5 -26.2
5% 26.8 -38.5 26.8 -38.5 28.9 -44.0 28.9 -44.0
90° 6" 21.7 -34.1 20.7 -32.9 20. 4 -32.6 20.0 -31.1
R %0 2 7* 15.0 -30.2 14.9 -28.8 22.0 -33.8 18.9 -30.2
8" 14.7 -30.5 14.1 -28.5 20.5 -30.9 17.1 -28.8
9* 25.1 -38.0 25.1 -38.0 29.1 -54.1 29.1 -54.1
B3 10" 20.8 -34.2 20. 4 -33.2 21.3 -37.6 20. 1 -33.3
1* 14.0 -30.6 14.0 -29.7 20.9 -34.5 18.9 -30.0
12% 13.0 =27.7 13.0 -27.1 19.4 -30.7 18.1 -27.6




%38

AL, F: RHRER R EHMAAED K Hn - 107 -

e 3 85 7K Ao

B e KA

S $: . 5
ot L TR

Tk FLIER

EEZ LN AL IN

frik  FRIER R

e ! R R WER  EREER RRBEER EER PR mKEER RAREER

N 29.9 -37.9 29.9 -37.9 31.9 -37.8 31.9 -37.8

2 28.9 -30.0 27.9 -29.3 31.6 -35.2 311 -35.2

B 3 24.2 -27.3 23.1 -26.6 24.7 -31.1 23.9 -30.0

4* 23.2 -23.7 21.9 -22.5 20.9 -30.5 19.3 -29.4

5* 32.0 -35.5 32.0 -35.5 315 -34.5 31.2 -34.5

250 6" 28. 1 -29.1 28.1 -28.0 32.9 -33.6 32.9 -33.1

AR TR %0 -2 7t 27.0 -27.6 26.3 -25.9 23.5 -36.6 23.1 -35.5

8" 25.0 -27.1 24.1 -25.1 22.2 -33.8 21.6 -32.1

9* 30.0 -40. 1 30.0 -40. 1 33.2 -38.1 32.7 -38.0

3 10* 33.3 -34.0 30.3 -30.0 35.5 -39.7 35.5 -39.7

1n* 25.7 -30. 8 25.1 -27.8 25.7 -38.6 25.1 -37.6

12* 24. 4 -28.8 24.0 -25.6 23.9 -37.8 22.6 -36.8
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