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Experimental study on wave propagation over fine gravel slope seabed

ZHANG Jisheng'?, QIAN Fangshu'’, TONG Linlong’, WEI Chao’, JIANG Yufeng’
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3. Nangjing Hohai Technology Co. , Ltd. , Nanjing 210016, China)

Abstract; In order to understand the wave propagation and evolution mechanism on the slope seabed of good
permeability, the wave propagation characteristics on the fine gravel slope seabed were tested in the flume. The
pore water pressure responsing characteristics of the seabed soil, the near-bottom horizontal velocity characteristics
of wave in the shallow water deformation area of the slope seabed, and the wave propagation and evolution
characteristics on the permeable slope seabed were studied. The experimental results show that the excess pore
water pressure increases with the increase of wave height and wave period. It’ s also found that the near-bottom
horizontal velocity increases with the increase of wave shallowing degree. Meanwhile, with the increase of wave
Ursell number, the deformation of wave shallowing on slope is more obvious, and the wave-wave interaction
between harmonics is more intense. In addition, in the initial stage of wave shallowing, the seabed permeability is
greater than the effect of wave shallowing, and in the area of severe wave shallowing, the effect of wave shallowing
is greater than the seabed permeability.

Key words: seepage flow; excess pore water pressure; near-bottom horizontal velocity; wave shallowing;

nonlinearity of wave; wave-wave interaction; Ursell number
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Table 1 Summary of test conditions and dimensionless parameters

TS h/cm H/cm T/s L/m & u? U,
Tl 40.0 5. 66 1.70 3.05 0.071 0.679 8.23
T2 40.0 7.00 1.70 3.05 0. 088 0. 679 10. 18
T3 40.0 8. 12 1.70 3.05 0.102 0. 679 11. 80
T4 40.0 7.00 1.01 1.49 0. 088 2. 845 2.43
TS 40.0 7.00 2.24 4.20 0. 088 0. 358 19.29
T6 37.5 7.00 1.70 2.98 0.093 0. 625 11.79
T7 45.0 7.00 1.70 3.20 0.078 0. 781 7.87
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Fig.2 Vertical distributions of the amplitude of wave-induced excess pore water pressure
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Fig.3 Vertical distributions of maximum and minimum horizontal velocities in near-bottom boundary layer



154 WK AR R ) Has &

TR , RHETE B SZ IR A Fe /N IR AL 3R 2 P2 ST, i RN L 40RO R B i K, IR A A
—EFEFE R, ISR TR TS JE N A T AH R A8 /N B 3 (a) ~ (e) AT LA Y, 7R [R] — A SRH TR 30 45
T A R A I8 RS R AR SRR 3k s PRI A S IR R ) 4 e A e TR AR R v A A T
T TR I RTINS AR, DR I P AR P Sl 2 A AR

BEAN TR AR T PR ALK I, 5236 PR NS A 5 0, 7K S5 A 23 30 2o 40 8k o 0 A 1) FLL B 0 A0 PR TN
5, PR MR D VR 5 0 R 3 BT A R IR R O, T2 A IR 1T Ab A7 AE — B/ B I 3(b) (d) fr
7, P1 PR TTAL At A ] T A A R 4843 314 0. 002 /s F10. 004 m/'s , P2 HERTRIAL 53514 0. 005 m/s Al
0. 004 m/s, P3 FERTE AL 235124 0. 008 m/s F1 0. 006 m/s, P4 H1 R Ab 435124 0. 009 m/s F10. 011 m/s,,

2.3 BEHEEEZLIFE

FH 3% B30T 52 Vi A LT RN 7K AR T (R SR, 12 7K b DX 308 90 118 A 2 Pk AR AE 25 in S 3, 1T 0t YR v /K AR TR 1)
JUARTARAE S i 1A e Y AR L 1 1) B AR 2 —

B4 53504 T1 T2 T3 15 TR — A IR 2 A AL (1 SR @ 430 A AR (11 S5 9R &A% 13
TR, HhIE 4 AT IX 4 2R A SR TR B A RN, ELAT G v B B AR, ELRE 2 U e R G R
PV AN FR B S, IR R |, 32 B K AR TEAE FH, BT 7K SN X6 R AR 5 AN 6k 20 52 B8 o i
F., ME4Ca) ~ ()i, YA A 5. 66 cm I, 11 SR EAAE I8 TG T, e i  BE | A i h
S TS S K F] 7. 00 em Al 8. 12 em B, 11 SR S A BB B AN, 455 AR A DAL (1 5 9R &
A0) F B IR ZE R BGHAT 04 ARG T1 T80 B0l A AR S IR A ZE /R BUR 8. 23, I A A #& sk 1) 5 30k e A
FERSAT SE A WA B IE] U 0. 67 s 53R T2 Tod T, A DAL B JE 28R B3 K 2 10. 18, H AR IE 5 A 0
A FH A 3K 25 5, I WAL AR I (R 4 4 22 0. 63 s, I AR AL RN (3 25 1. 07 s, W23 B[] LU/ 22 0. 595 T3
T, A A B L FE R BGHE— 20 K5 11, 80, i 114 I X 78 1 A 43 B A — Ak B 8 ) TV s, g 0 o 42
BE WA B[R] LLAOCR 0. 50, £ b B AHIE A AL B ZE R B 38 hn, i 7R () FE S M RRAE SOk BB ) B IR
TROKAS IR B R R B, 2 JE AR R, Y 2 BRI (R AR AR ARAE , A 4. (d) B .

—15 —11%
501 _
h=40 cm >0 h =40 cm
H=5.66 cm
2.5 7=170 2.5+
£ o0 £ 0
Iy Iy
25 -25
_5 0 1 Il 1 Il d _5.0 1 1 1 1 ]
0 02 04 06 0.8 1.0 0 02 04 06 08 1.0
tIT tIT
(a) TIT.0 (b) T2T.H
30T h =40 cm
H=8.12 cm
25 T=1.70s
£ 0 g
s s
-2.5
-0 0 02 04 06 08 1.0 =50 0 OI.2 0.‘4 0.6 0;8 l‘.0
tIT tIT
(e) T3T.% (d) TST.H

B4 EREEKRINI B H ik b2k
Fig.4 Free surface elevation curves of waves over the fine gravel seabed
J T RAWFFEPARAE R IR AR R P e 280 B 0 AR 11 ARV S SO A5 i B8 AT RS o
B, TTE25 B i )i e AR B, P B B TR AR DA b 7 1% 9% 3 A v 2% 0 e e Rt ) T R AR AR, 0 — 2D 4
RPN Az SR, P n 572 A R BCR R R e T Je i 404k, T LU S i 4 L 2 8 e X



52 1 SRARAE SF AR ORI R TR A R R R R 155

M(x,0) = 5 X A exp(imt) +¢ (3)
m=1

o on,—— BB A (m=1, 2, 3, )—F m B EIRAIIE ; c——RT— 55 &
PR R RERE £ TR AR E O
E=psf max=3 |4, P =3 [a,P 4)
FF(3) (4) MBS BT & B, 10 By L1836 I8 (52 /T 1% , BRI T H3ETRT 10 Brids ik i ik
i, ELDU B LA L3l i A /Nl L2, R IR S TR0, — B ot A 0t i 2 0 mP e R, AR M, — VR D A R o
MAERAY By, WA AL, [ A, | 5ET 1, ZHris R AR RN FANT 0.2, =B KX UBiE i
BN/, 439304 0. 04 F10. 02, & 5 (d) o =B AU B s 43 BA 2 T Hc K AE 0. 04 F10. 08, Bl I TR 7E D
T 1 A R B B (R B 00, — A3 T 0 W LU/ | o S LA 3 O 1 s {3 ¥ 3 K ELZ B G e b b o fin
& XFRDRE A CAITH F1AR A Rl O3 2 BRI YR R e U A T S 0, X U0 I TR TR 1 25 B i U8 =2 [ T ) kB BB R AE
e, BB RS2 N — B IR I B B8 21 B R DA 3B il v e Y [ B I YR B RE A28 TN B AR G e 23 1 3R
T, X S(a) ~ (¢) , AFHE R 5. 66 cm H5KE] 7 cm F1 8. 12 em B, BIRE A L1 4k JEZE /R BUOCHH M 8. 23
AR F] 10. 18 F1 11. 80, 7ERVAE H F14b— B il i B s A 0. 88 435Uk /N2 0. 84 F10. 79, —Frils i I i M 0. 30
A3 RIHERFN 0. 35 F10. 40, =B, VU B ipk i e tho S BRI A R 3, DRI A SRR TR 1) T8 S8 AR BR0E K, D TR AL 4
T R P U I A AR B R A R B 3 A5 v TR AE DR b O A 1 o R v U B 8 R A il
11.9% 13.3% 20.6% , E5(f) (b) (e) B mR T RIEETKEN 45 cm 40 ecm 37. 5 cm B HT PU R85 % R
(147255 [B) 43 A7 KR | S K TR N, A S TR 7 (%) T 2 R BOU AR XT3 R . Y BB BT /K IRk 37,5 em B B
R HE A — B R D MU /N 28 0. 74 A = VIR I A3 i3S K 2 0. 40 F10. 16,3X 3 Bl T IR £ 4t
ISR REEFER 5 6. 3% 13.3% 22.9% , T J8 B3 K BB ZE R B8R TR, 2% 1 =2 8] 19 AH B
A PR a]-th Bt =2 3840, =0k AR B AR R AR R 358k, A&l S (d) s, B g SR iH I — Il AR EL AR F AR AR T2 4%
B IR I =2 ) ) R e S 48, Bt 0 8 21X 50118 18 A B 30 YR 9 7K A T 1 e, 38 TR 1980 45308 0 =2 T ) 3 — e A A
JRIZL TR IS R A5 5 A A ARk I R TR K AR TR 5 2 2% SRS AR R A5 I

om=1l om=2 om=3 op>m=4

1.0 ke/exe—e—e—e——s\e_/e\ 1.0 Hms .
08+ h=40cm o8k h =40 cm 08l h =40 cm
H=5.66 cm 1 H=7.00 cm 7| H=8.12cm
—_ 06 7=1.70s _ 06 T'=170s _ 06 T=170s
= < ]
04r _ =~ 04F — 04r
02F g o+ .
e 8 X 0.2 M 0.2
0 =E§= — _A._JA‘\‘_" N M = 4 —
051.01.52.02.53.0354.04.55.0 0" 051.01.520253.03.54.0455.0 0" 051.01520253.03540455.0
x/m x/m x/m
(a)T1TH (b) T2TH (¢) T3TH
1L.0g 1.0 1.0 WH-—G—Q\S\@
o W e 05| hotSem
h =40 cm H=7.00 cm H=7.00 cm
— 06} H=T.00cm — 06 7=1.70 — 06F7=1.70s
i 722245 < <

— 04F 04} 04 L
.2 . 0.2 W
‘ g—0—0—0 4 oo o o T

n R o ﬁ_e_e_ﬁ/ﬁ’;ﬁ
0" 05101520253.0354.0455.0
x/m x/m x/m
(d) T5T.4% (e) T6T.H (f) T7 T

B 5 HRATNUMIEERREME LTRSS
Fig.5 Distributions of wave amplitudes of first four harmonics along the flume
2.4 EIREVFEAEKER
K6 FeIL T REEHTAKIR A 40 em I, 95 TR 20 AR 5 Vi PR 4 e I M 732 A 1) B8 A A6 285 SR A ) LE T



156 ERCPNE N 448

AR Lin 55U RS, A5 IR S B M | B TRAE T30 R L 110 I et 0 ) A A7 2 ik 2

1 1 L
“) (10 ) (2 ) () 2
L =1+0.08356|1 + —| | =—+/gh — - 5
(aoj W h & h h (5)
K a,—— AR ATIEIE ; o, x=1 m A VTR AP IR ;2 W—— KA 58 s —— K OB
— AR — it
0.6 0.6 - 0.6 -
h=40 cm h =40 cm
H=5.66 cm | H=7.00 cm
e 0 7=1705 e M4 =105 g
S 02l S 02} S 02}
s 3 s
0 0 0
—02 S S SR S ~0.2 S S S S S R —02 P R S S R S S
0 051.01520253.0354045 0 051.01520253.0354045 0 051.015202530354045
x/m x/m x/m
(a) TITH (b) T2T W (e) T3TH

6 ERIARRIETHNERFEINRIEE R

Fig.6 Comparison of theoretical and experimental results of wave amplitude variation along the flume

AR PR 1 IR K AR Y S B SR A AL R g A 2k Ok

a'\ 7+ h\ 4
(;l) ) (;7) (6)

A s o' —— P IRAE R IR E AR b —— R IR AR

XIEE 6(a) ~ (¢) 110 ~ 1 m BPEIRAEAL, FIEEE R WoR T0iB B P YOG R PR ERRE AN v =1m
R 5 AR IR RS A LI A D 5 T A0 B ET-S0 PRBIR A B ) T IR A SR 7% o = 1 A2 B0 11 BRLASE ]
WAL, AR 5. 66 om B 1E x =1 m AREPEIR R T 1.5% o G ASI I ICE] 7. 00 em 1 8. 12 em
iF oo =1 m AR BRI RE DA B 1. 9% R 2. 1%

YURTERBIE IR EAART , BB S5 R R i T KSR B T, 500 22 BUAS S B e i 3, A
W 5500 5. 66 em 7. 00 em FI 8. 12 em HYPIRALHRE x=4. 5 m b HPORPIR T A KT 14. 1% 15. 2% Fl
15.5% . TIXT HCANBRITTHE R (1 IR 4 2R 768 B M AR A TR L RIE FI T, B TRAE A AT BE (x<3. 5 m)
B /K AR T B 200 B, 1 S BRSE 3 KS W/ N 3 s 1E o= 3. 5 m ZEAT AL, DR RE I E fr )N, RN PR 1) 15 1B AT
IR TR AR, 6 IR, B2 BN T 4.0% (2. 6% F1 2. 6% ; IR ARSETE R 1L4%
(3.5 m<x<d. 5 m) PRI A S0 0 22 1 R0/ DN, I ELAE R 208 DX Il b 3 Y D4 0k A5 5 i
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c. ASFPCIR L ZE/RBOBOR , 1 1 IR K B 2 5 PR F A B A JBOR 2% Bl i 22 18] B E
S, JE AR IR AR B P IR AS T =2 1) A AR A R 20, ) I S TR A 8 i 1 R A A AP PR L A ek A2
T T 225 TR RERE A R
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