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Study on the time-varying vertical diffusion characteristics of
suspended sand and the process of bedload transport in surf zone

Abstract

In the nearshore surf zone, breaking waves will have a great influence on the sediment
movement, causing the sediment at the bottom of the water to suspend or leap upward, thus
causing changes in the coastal geomorphology, so it is very important to study the sediment
movement law under breaking waves. By analyzing the dynamic bed experimental data of
sediment suspension caused by large scale flume waves and combining with the theoretical
analysis, the time course and time average values of 13 sediment concentration and flow
velocity along the bathymetric section within the wave breaking zone are experimentally
obtained. This paper analyzes the mechanism of suspended sand generation and the
time-varying characteristics of vertical diffusion of regular waves and wave groups in the
climbing zone, inner wave breaking zone, sand dam notch zone and sand dam crest zone, gives
the theoretical results of the time-varying characteristics of suspended sand vertical diffusion,
and is verified by the experimental results, and proposes a simple equation for the vertical
distribution of time-averaged suspended sand concentration.A time-varying leap bedload
transport rate model considering the effects of wave acceleration and bedload particle collision
force and a time-varying slip bedload transport rate model considering the effects of wave
acceleration and slip friction force are developed, and the influencing factors of the forces in the
equation and the time-varying characteristics of the bedload motion velocity and sand load are
analyzed, and the time-averaged and time-varying bedload sand transport rates in the surf zone
are predicted by the weighted results. The results show that.

(1) For the case of regular waves, the mechanism and vertical diffusion characteristics of
suspended sand concentration generation in different regions within the surf zone are different.
In the crest and climbing area of the dam, the fluctuation of suspended sand under water is
mainly driven by the increase of velocity and turbulent kinetic energy at the crest of the
breaking wave, and the vertical distribution of suspended sand fluctuation can be analyzed by
the suspended sand diffusion theory; in the inner surf zone and the notch area, the fluctuation of
suspended sand under water is mainly controlled by the turbulent burst motion of the bottom
boundary layer, and the time-varying characteristics are transient patterns. It is not possible to
describe theoretically.

(2) For the wave group case, the wave breaking turbulent kinetic energy is the dominant
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driving force for the peak generation of suspended sand under water. The reasons for
concentrated wave breaking in different areas of the surf zone are different: in the crest and
climbing area of the sand dam, concentrated wave breaking is caused by the shallowing of the
water depth and the increase of the wave height to water depth ratio caused by the low
frequency long wave trough; in the inner surf zone and the notch area, concentrated wave
breaking is caused by the increase of the wave height to water depth ratio caused by the large
wave height in the wave swarm. Using the theory of suspended sand diffusion can give the law
of the peak appearance of suspended sand fluctuation in each water depth layer, and the time lag
of the theoretical forecast is consistent with the experimental results. The vertical attenuation of
the suspended sand fluctuation amplitude given by the theoretical analysis can be applied to
explain the experimental results.

(3) The proposed equation for the vertical distribution of time-averaged suspended sand
concentration is simple and effective, and can predict the exponential distribution of
time-averaged suspended sand concentration in the surf zone under different wave conditions
by the suspended sand concentration under water, which is consistent with the experimental
results.

(4) The time-varying sand load of the leap bedload is characterized by a main peak and
smaller fluctuations in one cycle; the time-varying sand load of the slip bedload is characterized
by two peaks of different amplitudes in one cycle. The wave of leap bedload velocity has a
sharp peak and a flat trough, while the slip bedload velocity increases more slowly and
decreases more rapidly, with a short pause. The time-varying characteristics of sand transport
rate of leap bedload and sand transport rate of slip bedload are determined by the time-varying
characteristics of sand load and the time-varying characteristics of velocity, which also show
asymmetry. The time-varying sand transport models of leap bedload and slip bedload are
considered together to predict the time-averaged sand transport rate of bedload at different
locations in the surf zone, which is more consistent with the experimental results, and the sand
transport of bedload to the shore in the surf zone.

Key Words: Surf Zone; Vertical Distribution; Diffusion characteristics; Sediment

Transport Rate
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Tab. 2.1 Experimental wave parameters
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RW SN 0.34 33 0.68 B
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G2 B 0.34 33 0.5 10 0.68 B
G3 B 0.34 2.2 0.5 10 0.55 B
IR ANF 0.21 2.2 B
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LURT DL B AN [R]ARFAE I 5 B AR (7R v D S U o 5] G L 38 155 L ¥ ) S 25 RS AU FE A
NI (x=5.7m, x=7.5m) , FrPlEXHANDINGELE AT E MRS HAME
IOINUIRE  TE I DX P RRGR [X AR PR RF AT B 1 11 MR A ATl iR = it
FRAA . RO AN TR BN SFHBIR 2 T RS [R) R R, BT AAS[R] A IR OLTR e AT B AL
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Fig. 2.4 Layout plan of wave height gauge outside the breaking wave band

2.2 AW BB IR S AL E
Tab. 2.2 Positions of wave gauges in the surf zone for different wave cases
SERBR IR E X AShR(m)
RW 0.2, 05, 1.2, 2.1, 3, 39, 48, 5.7, 6.6, 7.05, 75, 84, 9.3
Gl 0.2, 05, 1.2, 2.1, 3, 3.9, 48, 5.7, 6.6, 7.05, 75, 84, 9.3
G2 0.2, 05, 1.2, 2.1, 3, 3.9, 48, 5.7, 6.6, 7.05, 75, 84, 9.3
G3 0.2, 05, 1.2, 2.1, 33, 45, 57, 6.9, 8.1, 87, 9.3, 105
IR 0.2, 05, 1.2, 24, 3.7, 49, 6.1, 74, 86, 9.2, 9.8, 11
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Fig. 2.5 Side view of wave height meter arrangement in the breaking wave band under different wave
conditions
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Fig. 2.6 The relative position of the measuring point of the flow meter and the measuring point of the
turbidity meter
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Fig. 2.7 Time series of suspended sand concentration before and after removing spikes
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Fig. 2.8 Experimental results of spatial distribution of time-averaged velocity in different wave conditions
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p=4

-1

u (t+nT,), i=1,2,3, O0<t<T, (2.6)

A 1S
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A, RN, N RRBEAEL T, =T MBS, NZBEFML T,=T,.
Xt T ENEE BN TR, B e Bl B AR S B AR R L R A B T A
PRI IR o ASHIF 7038 I T 5 2 o 5 B AR R R AR T R S i (T IR . B 2.9 45
HH AN IR 78 50— s A5 2L R FE S B8 A b2 ] 1) e it 3 R pR B R . Pl O, 7
Af BT, TR R AR AAE RS T XA IR AT Y 2 8], PRI 4 f, 58 SO
TR BRI o B AR R i, B R T B e A T AT B i A

101§ LR | T T T Ty 10 E LR | T ? T T """E
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Fig. 2.9 Energy spectra of horizontal and vertical velocities (x=11.8m, z'=5mm)
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Fig. 2.10 Measurements of wave surface, flow velocity, concentration of suspended sand in each layer
and its average value at the crest and climbing area of the sand dam under regular wave conditions
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(2) & WONENEN AT, RIHR:
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w

C(z)=C, (%} (3.11)
Xz, =2.5d,, .
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PHERT 0.6, UEMH BRBANERCR AR . 550 (3.9 . 2 (3.1D) Azl (3.15) 1Y
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Table 3.1 Error analysis of four time-averaged suspended sand concentration vertical distribution
forecasting equations in the case of regular waves
L E X AkR(m)
AR eHX ] VA A X | S X B
0.2 0.5 1.2 2.1 3 3.9 4.8 57 6.6 705 75 8.4 9.3
(3.7) 046 051 0.67 081 087 088 0.85 0.68 0.77 073 0.75 0.85 0.88 0.75
(399 042 039 063 075 0.77 079 058 054 059 061 066 081 0.88 0.65

(3.11) o0.76 077 084 0.87 088 086 0.79 067 083 072 071 0.88 0.89 081
(3.15 082 0.5 079 088 089 082 083 0.73 085 078 051 0.76 0.87 0.79

K 3.2, ¥ 3.3 F1lE 3.4 7 5ll4h th T = AN BEIE O T I 35200k B C I 3 ) /0 A B IG
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DX R D UL S 30T 7K TR AR R LA SR AE —E W 22, AR BT A B AL G A s e
G3 1H UL R A ENCH X AL TR AE AN SIS (E AL M2, 7E R A A EHPL A RF .
(3.9) ik R 530 (3.7) Tifie 45 R4, (HBARNS FEA I (3.7) Pl s R . K (3.1D)
TR 45 R T AR RE G2 MU AL A RE G3 AINCH X Ab i/ Nk, e B H AL 4T
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Table 3.2  Error analysis of four time-averaged suspended sand concentration vertical distribution
forecasting equations in the case of wave group G1
A& X AFR(m)
AR Jes X | A B X | INE X 2
02 05 12 21 3 39 48 57 66 705 75 84 93
(37) 059 057 053 066 085 0.78 071 0.67 0.80 082 0.68 081 085 0.72
(399 058 055 0.60 066 0.75 0.68 0.70 0.65 0.69 0.63 0.65 0.77 0.82 0.67

(3.11) o086 073 068 083 083 077 0.79 068 0.78 0.73 061 0.79 0.86 0.76
(3.15) 045 054 0.72 080 0.81 0.72 0.68 0.65 0.62 0.75 0.65 0.55 0.83 0.68

3.3 WHE G2 T T VUAN IR ek B 3 17 73 AT AR A SR ZE 7 b
Table 3.3  Error analysis of four time-averaged suspended sand concentration vertical distribution
forecasting equations in the case of wave group G2
A& X ALFR(m)
AR Jesx ] P B X | MK By
02 05 12 21 3 39 48 57 66 705 75 84 93
(37) 051 058 0.65 078 083 0.80 077 075 0.78 0.72 053 0.83 0.86 0.72
(39) 048 052 059 066 0.78 0.7/ 076 0.71 0.66 0.63 048 0.66 0.83 0.66

(3.11) 0.75 0.73 0.77 087 086 0.88 082 0.73 0.80 0.67 058 0.79 0.88 0.78
(315 0.65 0.57 0.63 0.80 0.53 0.56 0.65 0.67 0.68 0.71 0.55 0.52 0.85 0.64

3.4 PHF G3IELL T VYA IR H1 e v b P 2 17 73 A Pk A SR Z 40 #

Table 3.4  Error analysis of four time-averaged suspended sand concentration vertical distribution
forecasting equations in the case of wave group G3
£ H X AL FR(m)

A esx PR X | SR X By

02 05 12 21 33 45 57 69 81 87 93 105
(37) 053 057 0.72 073 082 0.83 082 083 0.82 078 0.79 0.86 0.76
(399 051 052 0.68 067 077 0.79 086 0.78 0.81 0.70 0.77 0.85 0.73

(3.11) 055 065 080 082 086 085 086 085 0.79 0.76 0.80 0.82 0.78
(3.15) 0.73 0.60 0.78 0.80 0.85 0.82 0.80 0.85 0.77 0.73 061 0.79 0.76

Bl 3.5 gt 7 AR B I 28 bR B C R 7] 43 AT FEAR TR 45 SRR S 06 4
B. 3R 35 Gl T AMNBE R TR (3.18) THEAF RIS A MR 4R 5 5L
W g R R ZE 3T HI P 3.3 WL, ASKRIUBAR LI C B0 725 18] 53 A1 455 0E 5 R0 ) 3l A g A
TS BLAR AL

BT HRE R G SLIn A RALL, S5 G3 B, R R X b e
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I REAE AN i (x=0.2m 1 x =0.5m ) FHRAEFI LI EAFAE W %2, TR IR Z(E/NT 0.6,
FEHETE M BAAREG . X (3.9) ks B 5 ARG R, (BRI
AL EE R . A (3.11) Axl (3.15) [Tk RAEEE Nk iy #0550 30 45 Rl &
B, WHEIRZEEBSKT 0.6,

# 35 AFUIBAT ST DU 2B bk o 2 ) 43 A7 Pl Al 2 2R 22 73
Table 3.5 Error analysis of four time-averaged suspended sand concentration vertical distribution
forecasting equations in the case of irregular waves
A& X AbR(m)
AR B | A X | SN X 21l
02 05 12 24 37 49 61 74 86 92 98 1
(37) 056 059 0.60 081 080 0.87 087 0.88 0.73 080 0.78 0.86 0.76
(399 052 059 o057 077 070 0.84 088 0.87 0.71 077 081 0.82 0.74

(3.11) o0.75 073 0.71 0.86 081 086 0.86 0.85 0.86 0.88 0.87 0.85 0.82
(3.15) 0.69 0.82 0.85 0.68 0.79 0.82 0.80 0.80 0.77 0.79 0.86 0.87 0.80

R (3.7) TR -S S50 AT LRI, ARSI X iR E 5
SEMMEARAAAE — € W 22, (AW ZE50 . BN . PR G AR G2 i HIlE Sl
AKTETAL B LA S BAFAE— B R 22, HRM BEEF & R MR A W IRZE 5
Frofhn: AP ES R, X (31D REWER 081 H K, X (3.15) #ZEWEHN 0.79
Wz, X (37 REWMEN0.75 FikZz, N (3.9) IRZEWIMEN 0.65 fu/ly; P GL 1
BN, (31D IREWMEN 0.76 Fw K, (3.7 WEMEAN0.72 k2, X (3.15) i
ZYIME N 0.68 Ik, 2 (3.9) IRZEBME N 0.67 /b W G2 1HM T, =N (3.11) &
ZYME N 0.78 fik, X (3.7) REWME N 0.72 k., K (3.9) iRZEHH N 0.66 FHikZ,
i (3.15) RZEBME AN 0.64 e/l WREG3 LT, 3 (3.11) RZEMIME N 0.78 H K,
X (3.15) FIk (3.7) REMEXIAN 076, X (3.9) REWMEA 0.63 Fe/h; AN
fBEOLR, X (311 RZEWMEN 0.82 K, X (3.15) wZEHEN 0.80 Kk, K (3.7
WEBME N 0.76 Hikz, R (3.9) RZEHE N 0.64 fi/h.

FRAE LA b SR 22 0B 25 BT A K8 BUR BN 3w 16 B Pl 1 285 SRS
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Fig. 3.1 Experimental results and predicted values of vertical distribution of time-averaged suspended sediment concentration in regular wave
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Fig. 3.1 Experimental results and predicted values of vertical distribution of time-averaged suspended sediment concentration in wave group G1
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Fig. 3.1 Experimental results and predicted values of vertical distribution of time-averaged suspended sediment concentration in wave group G2
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Fig. 3.4 Experimental results and predicted values of vertical distribution of time-averaged suspended sediment concentration in wave group G3
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Fig. 4.1 The concentration of suspended sand in each measurement layer and the corresponding wave
surface, near-bottom horizontal flow rate and near-bottom turbulence kinetic energy time course
z is the distance from the bottom of the water, in cm
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Fig. 4.2 Spatial distribution of coefficients related to bottom sediment concentration and bottom shear
stress and turbulence kinetic energy

N E SRR eV SRS HLER, RO 5OKB) F1 & 7, Fk, ARG, X —H
FYERTHE 4.1 thoKEAL (z=0.5em) PRIk EERE I (8] 224k 5 b3k /K 5l 77 PA 3R Bl I 18] A2
xS R EAE . AT 4.2 AR R B NERE . M a KL LR A X
g o

(1) YOI (x = 7.5m BHT). S0l A 18] A S 200 ) S FR) B Al e e e sl )
Jal3i k. RS B0R B F DY 3.3s. B VbIREES/KRBT R IR R ECN 0.47, RUIH
Jerb &A% —E o KR BI N A1 51 o BRUOAE VD I AL IR BRE AL T IT 4RI B,
BURHI PR GE AL immshae, JF B TKIREGR, XTI ae s R0 e 7558 K
RENIEKIE, BT AIREN KR 245 .

(2) VWINUIREX (x =6.6m FHir). 1ZAL/KIEK Ay 45em, YOI AL IR AR = AR
IR X, AR ALZ VIR BB AN IR RO, (H s BT W S 1 [ 5 FA 3, 5
WL 1 EH ISP 5 DB WA — X I, 7R R AT S P S YR PR VAR AE A I J L
ABAREAE A2 B ADR E V(B B 2 1R T LR VA XM D0 A R TR ]
eV B AN PR RS8N, T A2 /K e im s BE TR (1 -

(3) WX (x=15~6m). i% XK KDL IEE IR 2L R T, A
P ——XF R, AH ISR B IR X N, RIS BRI S ONRES (BIDIRE S
KBTI AR R R 09 0.3 LLR) M RIS sE s, Rl /KR 72 i
B, X AT SR S sl BE A ¢ R BCRAT BOR BE (0.52) T & Y0k I 5K
JRBY N SRR RBOBUNE o X AT 22, B A 2], IKIRIL TR B S
BRFE R . KR T Z RIS 08, oy &b i B W (B R K 1 5l 7. 1976 4F

,33,



W PR P B U ARy HICRFAEATHERS B A AT 7

KIinele145 A 7SI AT 5 v FH AL 3 S /s L2 B 1 G BE b Tt U 30 B DX 4 Je 1) £ 775 PR A 1]
sk araify, i Hith AT R W AR e B R B e S e, R
G BETICAPD, PR IR ANEE A R R A B s A 5%, 1 H e 4R
Wi, ARib ) BANRE R AETT HAE R K. WFFER IO, BRI IA I Se T BTl “ it
ZERY 2z Im T )T A% SN, TR T R A8 A5 T X AN A e T B TR I R 3
BUKREA R AR . B 4.3 45 TR TG OLHIFE, BV SR O s B i
FLAZ ARSI = AR KK R R 39, 3K 8 im sl BER A P AR R IR T b T g 7
ENPEEESIAN B, FERIREZEAE . X IR SO AR, BT DLE b IR A 1Y
HH It A TR A A o

(4) eHX (x<l2m) o ZIXBUT AL, KRR, BT AR ] B E TR,
AV REPARFER R o SUPIINIEAL AL, B ybugAa 1t IUEAT I, A ) 5 R A
Wil . BbIRIE 5K IR BY N /7 A 3 RE AOAH R R BB s, R IX P L A shile Vb &
.

RSN B 70 Ao DL T] P R 6 LA D9 LA, AE VDI ATICH X, &y Dk L i
{E 5 BT AR IR vy HE B PRI L LA K i 3 RE RO (B 2, SR SRS DI A CBY DI 4K A
TUGRKIAAL, EPIERATAE A KGNS, sl et BT BR B 51 R,
DR P D I JBE 2 B SRR AR ] AE VD INUIRERT  BRe IX B IR BE T AR R B RS
DR B 2 KR I A it i A o AR SR AT DOl A 5 RBORNEAT 2 1k 3
Hr, AR XA 58 R BN ASF Y, BRI BT R ) A sl Be il o xh Je vb &% 7= AR 5
i, P AR NS A o AEVD AT IX, Sy 5K IRBY N /7« i3 fiE
FRIAH R R EHREOK, ATIAE] 0.4~0.6, 7T LAY TD & 42 A H K BY B ) A 3l RE 3L A 51
ATH o FEVDINMIRE R AR X, By b IR FE AN 3N REAH O¢ REUBCR, Wik H) 0.4~0.6, &b
WK BT R AT (AR SR R BN, WL &b et 1 2R thimsh R S 1) .

K43 LKL EDSEREIERG AR S5 R K IS8 .
Fig. 4.3 Left: formation process of the horse-shoe vortex; Right: the ejection and sweep of velocity
Ocaused by the horse-shoe vortex.
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Fig. 4.4 The time history of the fluctuation of sand concentrations on each bathymetric layer in the dam
peak area (left) and the climbing area (right). Solid line: the moment of occurrence in front of the peak; the
dashed line: offset by the peak of the sand concentration hanging upward from the bottom of the water.
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Fig. 4.5 Results of wave group G1 at sand bar crest (a), bar trough (b), inner surf zone (c) and swashing
zone (d)
(z represents the distance from sea bed in cm, solid vertical line connects s the time moments of the peaks
ofn,u, , k, and the dash line represents the shifting of concentration peak in time series of C )
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Fig. 4.6 Results for wave groups with different wave lengths at sand bar crest. (a) wave group G2; (b)
wave group G3.(see Fig.4.5 for others)
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Fig. 4.7 Results for wave groups with different wave lengths in inner surf zone. (a) wave group G2; (b)
wave group G3.(see Fig.4.5 for others)
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Fig. 4.9 Results for wave groups with different wave lengths at sand bar trough. (a) wave group G2; (b)
wave group G3.(see Fig.4.5 for others)
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Fig. 5.4 Comparison of sawtooth (solid line) and Stokes wave (dashed line) velocity and sand load at
different areas, the horizontal line is the time average of sand load
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Fig. 5.5 Comparison of sawtooth (solid line) and Stokes wave (dashed line) velocity and sand load at
different areas, the horizontal line is the time average of sand load
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Fig. 5.6 Wave velocity and bedload motion velocity under pressure gradient force
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Fig. 5.7 Wave velocity and bedload motion velocity under dragging force
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Fig. 5.8 The moving speed of bedrock under the action of drag force
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Fig. 5.10 Wave velocity, leap bedload velocity, leap mass force, sand load and leap bedload
transport rate at different areas (dashed lines indicate mean values)
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Fig.5.11 Wave velocity, slip bedload velocity, slip mass force, sand load and slip bedload transport
rate at different areas (average values when dashed lines are shown)

5.4 IEBFHNICRITE

FETHEHERE By DRI, B8 T HER PSS AR, RIHERS 57 20 il Ak T BR AR
A& TR qu M RRE T AR q,, » WARER BT q, (TRR N

O = Bubs +(1_ﬂw)qb2 (5.49)

X g, AR BT S B L E, BUEAR T AR RAR, LI e b ke
dg, =0.25mm, B, A E 0.5,

5l 0 T S S I 2 HE RS S5 D R e A ) o R R R L (t) K2 K o A
Wb ) R E f . B 5.1.2 TR I AR R R A, R LA
P R Rk, RIERFE U shid fE u, fMEkibEw, . Hd b Ew, iR~ IR
T e, TR NS R AL B AL N e B . RS U B ug B IR . HEH )
b gk, R SRR I R B AR ug o AR 72 DL SLIE Ak Sy
], AR S R o A0 f AT 3 K RN ER S BB B U, A4S AL

PYHERS B b A 5 SRR S5 R . P A S Bt Sty N FL A 7 7 AR 1 P 24 HE RS ot
Wb, SIS AL, WIS HOR B & PR AR RO T Nz A E . 2

,69,



W PR P B U ARy HICRFAEATHERS B A AT 7

KEHIF5 S50 Bl IE Ak (R i SRS B v R XS b, Wl 1 TR BReR A T (t) 2L
a BN 3, HlidE 77 KL UM 35.

K 5.12 73 g th 7 ANFEIALE AL (YD, YOINUIRE, PNERIX, TEHIX) ERFE i
I ARV D 3, RS SN AL Sy D AR AN AZHERS B 2 g, I TR) JORE . HERS LIS 3hidE
JEE (RIS AR ARFAIE 55 B B A I AR RFALE R i 4 I A RFALE o B PR AT BAFE HH R AR Jo i A2
By b R PEI G HBUEROR, B T HAUE BN, X5 T ERAS i 5 B R I A ]
RO AR, HL 8D B BB R I WX I3k PG, RSO/ PR U A X I T P32 1) 4
{8, AEAFEANSFRVEE NI . A2 S5 A fmy b R R B BN ASKAR T, B RUE R
Ko BAEAERN, (EAXS TR LSS T AR BN A fyb R o I T i R
PPV EAE TR, W M EUE BN, HBDBAAEN D RN F IR, 5N
CHaryb 50 B 2 DU A RRIRF o £E I A T B2 oAb R A7 AE 9 BOS IR %1
SEIDRENE I ZIAD R

(a)V Bl (b) VBAUME
1.0 R N Y — KB
P L AL L L B
. e
AL FAAAALALL
_1:0 bR bR
SEENRSERENE RSN SEN NN
03 40 10 40
t/s t/s

,70,



DRIEH TR 2R A A S

(c) PIRRIX. (d)eX B
0.4} — BRI —— R
2 Z 01
£ £
L) b
01l
0.4} — BB
ELAAA LA A AR el LA AL A
£ £
et SARRRRRRRE
01l
ol kR R
2 201
£ £
EAAANAA AN B
10 20 30 40 01y 20 30 40
t/s t/s

K512 ANFE XA ERFS B b 2. R U 3 S HnBUE (REZD
Fig. 5.12 The rate of sand transport by leap bedload at different areas, the rate of sand transport by
slip bedload and their weighted values (dashed lines) at different areas

Kl 5.13 45 TR AN RIS B AR R A ST E S I 38 Hr b 2 5 S 2 SR )
EL . ] 5.13 56f Eb & BT WL, F FH BRAS ot v DA R AN I8 A2 Jod v DA R B SR 45 SR L
S EE K, AEAZEAZ o R BV SR AER R T N BI7KSF A 3h o, FEAM X
BAE AR, ENBE X IR, FENCHE X HUE 5/ o TIUHR 45 SRSl 45 5L BN i 7l 9
HAENIEME, EMEHERS I m R imy), 5B R AR, dE— B RE 7B
HHME,

[ .\ %‘@}n‘ﬁ{ﬁ T T T T T T T
—o— TiHRME N

TEHIX B HNEIX.

o
-

q,(kg/m/s)

o
o

1<

h/m

Il Il Il Il Il Il Il Il Il Il
-1 0 1 2 3 4 5 6 7 8 9 10

5.13 iy A T I HERS B AR YD R KT 00 A

Fig. 5.13 Horizontal distribution of time-averaged bedload sediment transport rate in the surf zone
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