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Comparisons of Various Critical Sediment Movement Depth in
Haeundae Beach

Jeong-Gyu Park

Department of Civil Engineering, Graduate School,

Pukyong National University

Abstract

The proper evaluation of sediment movement depth according to the incident waves
are very important in the studies of beach processes that is related to the
arrangement of coastal structure for beach protection. In this study, we estimated the
representative wave from the wave observation data during Mar. 2012 to Feb. 2016 in
Haeundae Beach by KHOA, then calculated the critical sediment movement depth and
the appearance frequency of representative wave applied to the previous beach process
studies.

In Haeundae Beach sand erosions and depositions are occurs in active within 10m of
depth then a little sand movement still occurs in 20m depth. According to the survey
data, the distinct beach profile changes occurs within the DL -6.0m depth.

In comparison with the critical sediment movement depth calculated by Hallermeier,
Birkemeier, Sato-Tanaka and van Rijn’s formula the critical movement depth become
shallow in order of initial movement, general movement, surface layer movement,
complete movement and closure depths.

The van-Rijn’s initial movement depth is the most deep compared with the initial
movement depth of Sato-Tanaka. On the other hand the Hallermeier's closure depth
and Sato-Tanaka's complete movement depth is similar as the most shallow depth.

A previous beach process studies in Haeundae Beach shows that the definition of
storm wave or normal wave conditions is not clear. Therefore it is needed to
determine the representative wave from the annual wave frequency distribution curve
at the beach.
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Table 2.1 Monthly significant wave height statistics (2012)

2012
Monthly Wave |

; Unit Jan. Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Height
Hs,max (m) 1.90 | 1.20 | 2.00 | 2.00 | 1.01 | 1.77 | 2.00 | 4.64 | 589 | 2.13 | 3.40 | 2.94
Ts,max (sec) 5.80 | 5.10 | 5.90 | 5.50 | 5.00 | 6.90 | 5.50 | 10.20 | 10.80 | 5.80 = 7.70
Hs,1/3 (m) 093 ]1 093 | 1.10 | 1.12 | 0.59 | 0.85 | 0.81 1.34 1 0.85 | 0.74 | 0.67 | 0.49
Ts,1/3 (sec) 5.65 | 5.11 | 558 | 5.33 | 454 | 557 | 5,53 | 7.25 | 552 | 5.65 | 6.28 | 8.22
Hs,mean (m) 0.59 | 0.61 | 0.72 | 0.68 | 0.36 | 0.58 | 0.51 | 0.72 | 0.49 | 0.48 | 0.43 | 0.34
Ts,mean (sec) 533 | 5.67 | 5.04 | 462 | 3.88 | 5.07 | 5.02 | 5.76 | 4.86 | 5.24 | 6.60 | 7.95
Hs,1/10 (m) 1351 1.04 | 142 | 1.56 | 0.79 | 1.15 | 1.15 | 3.32 | 1.34 | 0.98 | 0.89 | 0.78
Ts,1/10 (sec) 570 | 5.12 | 5.71 | 5.45 | 5.02 | 6.20 | 5.89 | 9.15 | 6.36 | 5.81 | 6.18 | 8.92
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Fig. 2.3 Frequency of significant wave height (2012).
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Table 2.2 Statistics of representative waves (2012)

Significant Wave(1/10) 1.47m
Significant Period(1/10) 6.25sec

Average Wave Hs,mean 0.56m

Average Period Ts,mean 5.41sec

Table 2.3 Wave heights and periods of various appearance frequency (2012)

Wave Height(m) Period(sec)

A month appearance frequency per year

24hrs appearance frequency per year

A 6 month appearance frequency per yea 0.48 4.1
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Table. 2.4 Monthly significant wave height statistics (2013)

2013
Monthly Wave R

) Unit Jan. Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Height
Hs,max (m) - - - 2521 243 |1 1.76 | 2.05 | 1.71 | 2.04 | 3.35 | 2.68 | 2.67
Ts,max (sec) = = = 7.50 | 7.40 | 6.90 [ 8.50 [ 7.50 | 9.30 | 12.90 | 6.60 | 12.50
Hs,1/3 (m) - - - 0.53 | 0.51 | 0.70 | 0.88 | 0.67 | 0.85 | 1.14 | 0.71 | 0.97
Ts,1/3 (sec) - - - 7.39 | 6.53 | 5.70 | 6.26 | 6.26 | 6.31 | 7.37 | 5.97 | 8.65
Hs,mean (m) - - - 0.31 | 0.27 | 0.46 | 0.61 | 0.44 | 0.58 | 0.71 | 0.48 | 0.61
Ts,mean (sec) - - - 6.55 | 6.63 | 5.02 | 531 | 529 | 5.42 | 6.22 | 5.64 | 6.81
Hs,1/10 (m) - - - 0.82 | 090 | 095 | 1.16 | 0.89 | 1.04 | 1.51 | 1.14 | 1.40
Ts,1/10 (sec) - - - 8.56 | 6.83 | 6.65 | 7.35 | 7.36 | 6.94 | 896 | 6.74 | 10.35
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Fig. 2.9 Significant Wave-Period-Frequency 3D (2013).
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Fig. 2.10 Cumulative frequency of wave height (2013).
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Table 2.5 Statistics of representative waves (2013)

Significant Wave(1/10) 1.19m

Significant Period(1/10) 7.65sec

Average Wave Hs,mean 0.50m

Average Period Ts,mean 5.88sec

Table 2.6 Wave heights and periods of various appearance frequency (2013)

Wave Height(m) Period(sec)

D4hrs appearance frequency per year 1.98 10.90

A month appearance frequency per year 0.94 7.00

A 6 month appearance frequency per year 0.43 9.30
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Fig. 2.11 Time series of wave height(Hs) and period(Ts) (2013).
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Table 2.7 Monthly significant wave height statistics (2014)

R
smax) ‘[Qr
-o,]

~2015d 2¥€ 9 =93

2 29 04~06m
1.98%¢< W= ey kAl 20123 20134 ol
3 AL &4 4 7MUY Fig. 214 o g a-F7)

3
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vl =%
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2014
Monthly Wave R

; Unit Jan. Feb. | Mar. | Apr. | May | June | July | Aug. | Sept Oct. | Nov. | Dec.

Height
Hs,max (m) 1.41 | 290 | 255 | 2.46 | 3.09 | 1.56 | 3.06 | 3.64 | 2.26 | 3.67 | 2.73 | 1.66
Ts,max (sec) 6.23 | 9.22 | 10.17 | 7.23 | 7.65 | 6.39 | 11.50 | 11.43 | 6.20 | 9.89 | 7.73 | 12.75
Hs,1/3 (m) 0.73 | 1.40 | 099 [ 0.90 | 0.82 | 0.69 | 0.81 | 1.33 | 0.92 | 1.44 | 0.70 | 0.62
Ts,1/3 (sec) 6.35 | 743 |1 625 | 6.27 | 5.23 | 5.23 | 691 | 6.92 | 595 | 7.74 | 5.80 | 7.41
Hs,mean (m) 0.49 | 0.85 | 0.64 | 0.54 | 0.54 | 0.47 | 0.51 | 0.79 | 0.61 | 0.79 | 0.45 | 0.45
Ts,mean (sec) 590 | 6.44 | 571 | 5.12 | 487 | 4.71 | 5.68 | 598 | 5.24 | 6.01 | 570 | 6.56
Hs,1/10 (m) 096 | 1.85 [ 1.31 | 1.37 | 1.18 | 0.88 | 1.25 | 2.01 1.15 | 1.99 | 1.05 | 0.85
Ts,1/10 (sec) 6.50 | 7.84 | 7.22 | 6.98 | 5.78 | 5.81 | 837 | 849 | 6.80 | 892 | 6.35 | 9.64
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Fig. 2.13 Frequency of significant wave height (2014).

Frequency(%)

mQo0.2
m02™04
Wos~0e6
m0.6~0.8
m0.871.0
w10v12
miz-14
W14~16
m1i5~18
w1820
m20~22
wz2~24
#2426
®2.6™2.8

w28~3.0

Fig. 2.14 Significant Wave-Period-Frequency 3D (2014).
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Fig. 2.15 Cumulative frequency of wave height (2014).
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Table 2.8 Statistics of representative waves (2014)

Significant Wave(1/10) 1.47m

Significant Period(1/10) 7.61sec

Average Wave Hs,mean 0.59m

Average Period Ts,mean 5.66sec

Table 2.9 Wave heights and periods of various appearance frequency (2014)

Wave Height(m) Period(sec)

D4hrs appearance frequency per year 2.6 9.35

A month appearance frequency per year 1.1 6.25

A 6 month appearance frequency per year 0.49 4.63
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Fig. 2.16 Time series of wave height(Hs) and period(Ts) (2014).
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Table. 2.10 Monthly significant wave height statistics (2015)

2015
Monthly Wave i
K Unit Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Height
Hs,max (m) 1.61 | 3.40 | 1.25 - 2.06 | 1.62 | 3.04 | 429 | 2.29 | 2.64 | 2.25 | 1.36
Ts,max (sec) 6.00 - - - 20.00 [ 11.20 | 11.40 ] 12.10 ] 8.80 | 6.60 | 7.20 | 8.80
Hs,1/3 (m) 0.74 1 0.81 | 0.72 - 0.33 ] 0.68 | 1.07 | 0.88 | 1.46 | 0.80 | 1.07 | 0.74
Ts,1/3 (sec) 7.26 | 6.82 | 6.67 - 5.04 | 5.87 | 7.11 | 7.49 | 791 | 597 | 7.35 | 6.13
Hs,mean (m) 0.53 ] 0.56 | 0.48 - 0.28 1 0.41 | 0.69 | 0.52 | 0.80 | 0.50 [ 0.64 | 0.48
Ts,mean (sec) 6.66 | 6.37 | 5.81 - 422 | 498 | 6.05 | 580 | 6.14 | 529 | 6.22 | 5.56
Hs,1/10 (m) 095 | 1.14 | 0.86 - 1.27 1 084 | 1.77 | 1.31 | 1.76 | 1.12 | 1.42 | 0.96
Ts,1/10 (sec) 7.14 | 6.37 | 6.99 - 11.11| 6.54 | 9.06 | 837 | 832 | 6.66 | 7.46 | 6.72
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Fig. 2.19 Significant Wave-Period-Frequency 3D (2015).
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Table 2.11 Statistics of representative waves (2015)

Significant Wave(1/10) 1.29m

Significant Period(1/10) 7.82sec

Average Wave Hs,mean 0.53m

Average Period Ts,mean 5.68sec

Table 2.12 Wave heights and periods of various appearance frequency (2015)

Wave Height(m) Period(sec)

D4hrs appearance frequency per year 2.24 9.4

A month appearance frequency per year 0.95 6.3

A 6 month appearance frequency per year 0.45 5.4
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Table 2.13 Statistical value significant wave height (2012~2015)

Maximum Wave Hs,max 4.30m
Maximum Period Ts,max 11.42sec
Significant Wave(1/10) Hs,1/10 1.35m
Significant Period(1/10) Ts,1/10 7.25sec
Significant Wave(1/3) Hs,1/3 0.91m
Significant Period(1/3) Ts,1/3 6.43sec
IAverage Wave Hs,mean 0.54m
\Average Period Ts,mean 5.68sec

Table 2.14 Wave heights and periods of various appearance frequency (2012
~2015)

Wave Height(m) Period(sec)
12hrs appearance frequency per year 2.76 8.87
D4hrs appearance frequency per year 2.44 9.61
A week appearance frequency per year 1.58 7.93
A month appearance frequency per year 1.00 6.06
A 3 month appearance frequency per year 0.66 7.54
A 6 month appearance frequency per year] 0.46 5.86
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Fig. 2.25 Wave rose diagram in Winter (2012~2015).
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Fig. 2.26 Wave rose diagram in Spring (2012~2015).
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3

A7k M2 fFojuuel BAE Fig. 2337 o] Far). dwrg oz wol

AFg3tal 9= Gumbel? Weibull(k=1.0)¢] F 7FA] FASGEEEXTFE ALE
gtol Z+7h 374 S t& I 2ol ekl

0.0722R, +2.0441 (2.3.1)

H, =0.0776 R, +2.1464 (2.3.2)

el =8 Fo) e Weibull(k=1.0)9] E¥347} Gumbeli ¥4 Bt} A

o
BAE B2 Aoz ey

e

Line

Gumbel
Weibull(k=1.0)
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Rp(Month)

Fig. 2.33 Extreme wave height analysis by Weibull

and Gumbel distributions.
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Figure. 2.349} Table. 2.162] Hl°o]HZ % 3j A

—_
L in
o
lo
[
)
i
Yy
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rlo
©
w
o
o

miol i AMFAAE GAHoR e FAett A4S woln Yu, FY
A E AARAAE HA40] AR Ao B 57 A 539 B9 (7L
Fu Zol AxE FAZ QAste] dARFE U mest s Zow o
b4 2al A Zol HAHo Mol o sl Atk HPGE 1
% Zo] MAE FAG BA JFoE Mok o= Hx Bel Ao B
A,

Table 2.16 Net deposition rate and depth change rate for
lyear(MOF, 2016)

S+ 717t ElRZH 0 m?/year) 712t ElA 3 (em/year)
A ~1.6 -7.4
B 0.0 0.0
- -1.6 -1.5
D 5.3 -6.1
E 14.4 12.4
F -1.6 -1.1
G -0.2 -0.6
H 0.6 1.5
I 5.2 3.5
J -0.6 -0.6

Sum 9.3 1.0
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Fig. 2.35 Beach profile sections in Haeundae
Beach (MOF, 2016).
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Fig. 2.37 Beach profile changes in S15 line(MOF, 2016).
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Fig. 2.38 Beach profile changes in S25 line(MOF, 2016).
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gafo] Aol A sietew & wf FAo] e FolA= AWAA T o
= PALES AEE 49 A
Aol EetAHE A 2Ed =dA FEe
2ol 7] AlZFst=l o] w A ol7] AlZtets FAE ol s dAlFAlol gl T} o
THATAN T AAEEY vud =Z2H YA 2 AVE A7 AFsE
% 7] 9] % (initial movement)g} 31 AW Y= RY7F AY ol&ES
v @AE #WolE(general movement)Ztil etk E Tl AE E 7 9o
AgFoz Juaoz FFHFE= BAE % T ol (surface later movement)z}
star ARSI WestA Ued AR dAT olFo AVle dAE ¢A
5

(complete movement)gl stt}. 18] 31 F A 4 (closure depth)« W TH

o]
HeH(FAEsH)7E A e gA sl Ao 5 gl

BejolsgAlTA e FAd = oy ZHA7E AR E A 37HA Y FAE
08¢ a2 gkl Hallermeier®t Birkemeier®] Closure Depth, Sato-Tanaka<2]
B o)l EeA A, van-Rajn® Z7|o] 53 A4 o]@ A 37149 FA& ALE

stol SlealF ol HeAA HaE R

3.2 Hallermeier®} Birkemeier®] Closure Depth

Holm Ay =3

o

e

@
)
wn
o
=
@
w)
@
(o]
—t
=g
it
2
|
ofr
ol
s
1-11
rlo
=2
o
2
ok

fEA GudeE w9 oJHe Fdoltl. Hallermeier(1981, 1983)% sediment
entratinment parameter® 3¥A < Z|Wroe =3 wEaiwHe A7 Closure
DepthE FA3t+ 44 J2HS Mdstdh. o A& X321 o

a2l (3.2.0)% Zrh
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2

Hﬁ
)) (3.2.1)

=2.28 ,—68.5(
971;

dFet= F7lolth. H & & © AAS ZdsAd 4 (322)2 8T + 9
t}.
H, = H+5.60 (3.2.2)

of oA He @i 315 YU o5 A9 EFHAE UEW
=3

Hallermeier(1981) 2] Closure Depthdll 7] % 3} o Birkemeier=
Pierson-Moskowitz wave spectrum(Rijkswaterstaat 1986)% 5 & o] &3l U
& sk A Ae MR R L A (3.23)3 o] FolH

=

2

H(’
h,=1.75H, —57.9(—) (3.2.3)

W &

Birkemeier(1985)= 2 71%] A8& T3 ¢ 79s A4S oAl A
S 4 (3.24)3 o] FojZ,

h, = L.57H, (3.2.4)

AAZ sedsiFEgd F88 42 2 (3203 4 (323), 4 324)F

H] 2L &} S
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3.3 Sato-Tanaka? R # o] =3 A4
Sato-Tanakaol 24 Horikawa-Watanabet: A A4 {5 7FA o] 4 3
AAIS dHdd weEtd AddAdy 2 UK E BFE sk 2 AdEwig o] &3

7]
A2S ZEA G .(Horikawa-Watanabe, 1966) X% duld o=z 7134 wo)

2 4 9lE Horikawa-Watanabe®] E#olEaAFAe =48 4 (33.1)F

=al " )"sinh (—) (3.3.1)

a% ne 217 AYARE B¢ FFEA e 1A HIHE o §dto] A

/
#7b ARAY. dE FRAAN L Hy, Lt BN g3 27 AL

Sato-Tanakas o8 714 2AdS E& a9 ng 471X AW AAZA
B2 o] 7247te] A% #e Rolatdm 1 e Table 3.1 2}

Table 3.1 and « values according to the sediment movement stage

! Surface
Initial General Complete
Layer
Movement Movement Movement
Movement
n 1/4 1/3 1/3 1/3
o 5.85 0.741 1.77 0.417
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oo Al 9533 Hallermeier®t Birkemeierd ¥ & H#d4 S 13393
Closure Depth# 5 ofyg %7]¢]&(Initial Movement), X3 °|-&

Layer Movement), ZHdWo]%(General Movement), <74 °]%(Complete
Movement) AW E ] wel 47HA2 /5 st F o Z&3d ReolFg
AsidE +3

") (3.3.2)

W e AW defel Wt o n@ts WSdsta F H HEdA gs
BaL gk atel M wtaiet F=r1E e ddstel 7+ g v o71A

L= 9 1? (3.3.3)

h.
AT $de) e U ge AW U¥AE 7E ¢ Jomz JFHe

h; _ )
= T%}% T F YA "o AV Lk 2 B34HEFEH 7+ = U
2R=
L o 2rh | L1 h
.-G tanh ( I )—tanh27r(L0) T (3.3.4)

L% FoA H9 ABHOR meolERAFA b
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3.4 van-Rijn¢ %7]o1% FAFA

Al et = AP ndo A 7 &3] 22+ 2 9] van-Rijn9 4] E 9]
t}. XBeach, Transpor2004, Delft 3D% 7]&£9 A E53+E= th24 39 385

aEe = o7 wEel dAdR 2 AFdelds ety SalA =

la

=
=
&3k 7ol & 4 9th van-Rijng o 7kA Aol YA T 7]l gHA

_tr?l_
P2 FE7 daME e 55 nARS W £ W] we wy
b zelgse @Asm 3 skel wAE EBdkel ANS w9

t}.(van-Rijn, 1993)
ALY S A5 7]146H WA Shields3H A4S o] &3] F29 mobility

W g9 FAY JdAYE DE FE F o 7 4 34D ol v

g2 4 Qv

o

0, =0.24D." for 1<D.<4

6, =0.14D. "% for 4< D. <10

0, =0.04D " for 10 < Di < 20 (3.4.1)
0. =0.013D9% for 20 < D+ < 150

6., =0.055 for D. > 150

PBZ7] AR FE A (34.2)% 2ol vE ¥ 5 9t

(3.4.2)

A7IAM, s=(p,/p) FHBE=A ot o] A= veltt 4> F

4 oltt.

Oo]—

o

P o5 MAMSE 9= S A4ABEE WE Ged £ gdm

4 (343)3% ol vhEh @ 4 9k
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(3.4.3)

Tp
(p —p)gds
A7, ne Al Hard Al dekg-FH ol
w2} A 374 Shields v 70 6. 2 (344)s o] Ul 4 9}
00 =Ty e/ [(ps — p)/ g ds) (3.4.4)
2 (3445 7, FAAVAGEHY Ao upiA HW 2 (3459 #o]
e = gl
Tb,cr acr (p )g d50 (345)
ol 35S 1HI T AEAGTSHLS 4 (346)F 2.
Tb,cr = TbA,c 3 Tb,u (346)
.= B 4% AWAdESHolx, 5, = ol g% AWAGLHE Y
Bhdlth, WA & o AdAdEEHL 4 (347F 2o
2
The = po(u) (3.4.7)
18%1og”( 12h
ky+3.3v/us
71X, FEANZEE = 74 d3dd f§5, 55 9%
AW v % ue = (1,./p) = Agelth, us A% 7.
grol 07t Al Aoy og Wi Aitste] 5, & Alsksth
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ol o3k AWAEEH2 4 (3483 L,

A

—0.19
k, + 3.3v/ux , o (3.4.8)

w=256.2( ,)*exp[—6+5.2(

AN Upe ARTANA AmEm=e HAdgtolw, As AUTAANA 7

H

AL AUFOR A= U;T/2r02 YEFE F AT 2832 e, =

K

o

¥
+

g& AdnAEER u, =(5,,/p) 2 dEHA F
2 (345)~4 B4ANDERH 7,0 #e Fa 2 5 a4 B48)° 1 @
S dgstel AEIAHAA AEEEe HAd@ 0,2 7Z F ATk olgA T

g Fgeoeziy AR H, S AMT F de=d Y G492 ved F Sl

cr

H, = 71T Uy, Tsinh (2nh/L) (3.4.9)

C

rot

Ak H,& w2 dASA Hu A H3e I 7 AW

Aol A A=EHEY HAdgS A, F71 7% ddstA =J9 g2 A L7} 2l
t 7|4 L A (3410002 UEd $ At
L= (gT?/2r)tanh (27h/L) (3.4.10)
WMEAMNSE B3 APFeon HFHoz x7V|o|FdAFA hE T

& gtk
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4 Hew AESge mHolFAAFA A

41 A shr-5F hEozd 43

Hallermeier®} Birkemeier? 2 H, & 1de] 1243t =338t+ &9 o
15 A83F9  Closure DepthE AHAHE Aoz o Hovu FS
Sato-Tanaka®} van-Rijnd o= Y3l A 71x1¢o] 2] & dHluns B Aot}
2012~2015 frolska gk 5 1del 1243t sk SES feolvas
Table. 412 #t} 128]3l Sato-Tanaka$t van-Rijn2lol Eo14 F4U4 d,,
gy S ZH7ZF 0.0003met 0.00058mE 239 AAA Y SFARE B
AR, A A9 £ 10CY o FE=(p=2999.Tkg/m*) 9 &

A (r=1.308x10 "m?/s)ol ™, ng WEE (p, =2650kg/m*)e] S A&
ATt

Table 4.1 Wave heights and periods of 12 hrs appearance frequency

Wave Height(m) Period(sec)
) (H,)

12hrs appearance frequency per year 2.76 8.87

Sato-Tanaka®} van-Rijn?4< 2012 ~20159 4 dolEol A § 2] 1119
HN G (H, o) T2, ), T 49 10%°] B g (H, )% +
Ty 0 00), el oare] A9l 33%9 Fd g (H, )% F71(T, ), T3
AAB DK (H, pean) ™ TN, pean) 47FAS B45 o] &3to] Reo] s g7

FAE AT Aol 1 dlolE 2 Table. 429 2t}
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Table 4.2 Statistical value representative wave height

Frequency of
Appearance(%)

Maximum Wave Hs,max 4.30m 0.0003%
Maximum Period Ts,max 11.42sec

Significant Wave(1/10) Hs,1/10 1.35m 1.26%
Significant Period(1/10) Ts,1/10 7.25sec

Significant Wave(1/3) Hs,1/3 0.91m 7.39%
Significant Period(1/3) Ts,1/3 6.43sec

Average Wave Hs,mean 0.54m 30.32%
Average Period Ts,mean 5.68sec

4.2 S| =23 A Hallermeier$ Birkemeier®] Closure Depth

il

Hallermeier®t Birkemeier® Closure Deptholl AF&3 218 oF HoA o
gxol 4 (321), A (323) 27HA9 A& Agsta JHT deoly FHES
Table. 4.1 A A =] ST},

20129 ~2015d  dHolEHE ol&3 al&d dFEFolA  Hallermeieret
Birkemeier®] Closure Depth= Table. 4.33 Zt}.

Table 4.3 Hallermeier and Birkemeier’'s Closure Depth for #,

Wave Height, [Hallermeier|Birkemeier
Period h) (h,)
12h f e Z2T0m g 6 4.26
rs appearance frequency per year T, = 8.87sec .62m .26m
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4.3 AL L&A A Sato-Tanakad E o] E3HAFA
Sato-Tanaka®] E#olEadAFAS ZAS 7] YA & dol AFF X0
21 (3.3.2)9F Table. 3.1 ©] F 7[AE A&3tth. Zdo]F3A T4 2o o
ol3t o] Bl = Table. 429 Table. 4.3 A}-83F4t}.
WA Table. 4.2, 2012\ ~2015d 43 7ol 54 HolHZE A& S 4 $o
ZeolEeAFA e Az S Table. 4.4 ~ Table. 479 2o vt A3
- HO LO
@A Lys @) sgeln v & 4 G3AA al ) )l
0
H ., . 27h;
T YipE A 33204 () 'sinh( ) olvh Fol delEelA Y3k
0
& WA FEF 1 P R BRATA by FE T
HA H, nax =4:30m, T, 1, =11.42sec € W+

Table 4.4 Sato-Tanaka’s critical sediment movement for #, .,
Initial Movment Surface Layer Movement General Movement Complete Movement
203.62 Ly 203.62 L, 203.62 Ly 203.62
L 0.29 e 0.27 h;/ L 0.15 h;/ L 0.10
Yi(l) 3.48 Yi(l) 3.20 Yi(l) 1.34 Yi(l) 0.75
Yi) 3.48 Yo 3.20 Yio) 1.34 Yieo) 0.75
h;(m) 56.97 h;(m) 53.71 h;(m) 23.83 h;(m) 13.00
H, /0=13bm, T, ,="725sec € W+

Table 4.5 Sato-Tanaka’s critical sediment movement for 4,

Initial Movment Surface Layer Movement General Movement Complete Movement
L, 82.06 L, 82.06 L, 82.06 L, 82.06
h;/ L 0.20 h,/L 0.17 h,/L 0.10 h;/L 0.07
Yi(l) 1.93 Yi(l) 1.59 Yi(l) 0.66 Yi(l) 0.37
Y 1.93 Yio) 1.59 Yio) 0.66 Yieo) 0.37
h.;(m) 13.97 h.;(m) 11.48 h.;(m) 459 h;(m) 2.53
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H,13=091m, T,,;3=643sec 4 W=

Table 4.6 Sato-Tanaka's critical sediment movement for 4, ,/;

Initial Movment Surface Layer Movement General Movement Complete Movement
64.55 L, 64.55 L, 64.55 L, 64.55
JL 0.17 h;/ L 0.14 h;/ L 0.08 h;/L 0.06
Yi(l) 1.56 Yi(l) 1.26 Yi(l) 0.52 Yz‘(l) 0.29
Y 1.56 Yio) 1.26 Yio) 0.52 Yieo) 0.29
h;(m) 8.85 h;(m) 7.07 h;(m) 2.83 h;(m) 1.56

[{s,mcan = 054m ? Ts‘mean - 5'6886(: ?—"—] LEHL—‘:

Table 4.7 Sato-Tanaka's critical sediment movement for A

s,mean
Initial Movment Surface Layer Movement General Movement Complete Movement
Ly 50.37 Ly 50.37 L, 50.37 Ly 50.37
h;/ L 0.13 h;/ L 0.11 h;/ L 0.07 h;/ L 0.05
Yi(l) 1.11 Yi(l) 0.88 Yi(l) 0.36 Yz‘(l) 0.21
Yi) 15516l Y 0.88 Yio) 0.36 Yieo) 0.21
h;(m) 4.86 h;(m) 3.79 h;(m) 1.53 h;(m) 0.85

Table 4.3, 1ol 12A17F 233 = Fod s AFE&3te] Hallermeiert
Birkemeier?] 9] H| LS 93] Table. 4.8°] ZA3} zt& e A
H,=2.76m , T,=887sec ¥ W+

Table 4.8 Sato-Tanaka’s critical sediment movement for #,

Initial Movment Surface Layer Movement General Movement Complete Movement
Ly 122.83 L, 122.83 Ly 122.83 L, 122.83
h;/ L 0.26 h,/L 0.23 h,/L 0.13 h,/L 0.09
Yi(l) 2.92 Yi(l) 2.49 Yi(l) 1.04 Yi(l) 0.58
Yio) 2.92 Yo 2.49 Yio) 1.042 Yico) 0.58
h;(m) 30.20 h;(m) 26.42 h;(m) 11.01 h;(m) 6.01
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4.4 & AF LA A van-Rijng Z7|0| 5 FA F4A

van-Rijn®] Z7|olF @A TS A7 s ok Al A
2 HITAQ A (B49NA h, #FE =EFdNT. FAdd Eo] Z dHolH =
Sato-Tanaka¢t &4 HolHE Atk D.& Shields 4 ¢ Fx¢ 1)
AWgolar oo w A Shields WAHHFE 6,00 7, TFA AH A
5 2HeA FREs W gl g AW AdEH S 7, 0lth

el
b
rﬂ
o
L
=

gl n

Jot

A (B4R 8 AEHEe AU U< TEA Hi A (3499 4
(3.4.100¢] A B2 o WEALE Tl HFAHOE nts oA

WA Table. 4.2, 2012 ~20154 4d7e] BAAE AE¢HAS 1 van-Rijne]
Z7)01 58 A 54 AT FHS Table. 49 ~ Table. 4.12 o YU At

Hy o =430m, T, . =11.42sec & W=

Table 4.9 van-Rijn’s initial movement for

H

s,max

200.06
6.81
0.04
0.21
0.21
497

75.35

H, 119 = 1.35m , T,y = T-25sec & ™=

Table 4.10 van-Rijn’s initial movement for
Hs,l/lO

77.58
6.81
0.04
0.21
0.21
0.20

22.06
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H

s

71/3=0-9].'n7/, T871/3=6-4356C ?‘E‘]_ uﬂT‘:‘

Table 4.11 van-Rijn’s initial movement for
Hs,l/ 3

59.06
6.81
0.04
0.21
0.21
0.19
14.63

H =0.54m , T =5.68sec ¥ W=

s,mean s,mean

Table 4.12 van-Rijn’s initial movement for
H.

s,mean

42.55
6.81
0.04
0.21
0.21
0.18
8.38

Table. 4.3, 2012 ~20154 12A12F 2 Het= a9 #Hs AMEIES o
van-Rijne] Z7]o] & &A+4 A F2 Table. 4.130] YEFH AT,
H,=27m , T,=887Tsec 4 W&

Table 4.13 van-Rijn’s initial movement for

H,

(&)

120.04
6.81
0.04
0.21
0.21
0.21

47.66
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45 st si&Fe] Rl FedA T AR AR v

£

oroll 4 Hallermeier®} Birkemeier®] Closure Depth® Sato-Tanaka® =

3T
=3 A5 A, van-Rijne % 7] 0] %54 5+ 4

° S ARE WEvel weka 7zt
2ol FdAFA A e =& WA 1dd] 1243HE 23eE fo
g1 ZAo A Hallermeier®t Birkemeier, Sato-Tanaka® X #jo]% 3lA 44

van-Rijn®] % 7]o]l &A= 4 gk& vl st Table. 4.149] YERY ),

Table 4.14 Comparisons on the critical sediment movement depth for , in

Haeundae beach

Sato-Tanaka i
Hallermeier | Birkemeier van Rijn
a5 Surface Inital
h ) (h ) Initial L General Complete
. Movement YL Movement | Movement | Movement
Movement
He=2.76m
5.62m 4.26m 30.20m 26.41m 11.01m 6.01lm 42.66m
Te=8.87sec

Fig. 412  Sato-Tanaka®] Complete Movement®}  Hallermeier$}t
Birkemeier2] Closure Depth& W] a3t Zgxzo|t). s 4E-d2 20129
~2015 4 A FAHlolH XA Sato-Tanaka® = o] A543
van-Rijne] % 7]o] & A 54 S vludte] Table. 4.150] Y e AT}

Table 4.15 Comparisons on the critical sediment movement depth for statical
value in Haeundae beach

Sato-Tanaka van Rijn
Initial Surface Layer| General Complete Inital Movement
Movement Movement Movement Movement
Hs=4.3m .
Hs,max Hi 56.97m 53.71m 23.84m 12.99m 75.35m
T=11.42sec
Hs=1.35m .
Hs,1/10 Hi 13.97m 11.48m 4.59m 2.53m 22.06m
T=7.25sec
Hs=0.91m .
Hs,1/3 Hi 8.85m 7.07m 2.83m 1.56m 14.63m
T=6.43sec
Hs=0.54m .
Hs,mean Hi 4.86m 3.79m 1.53m 0.85m 8.38m
T=5.68sec

_6’]_




Graph 2
----- Hallermeier Closure Depth
Birkemeier Closure Depth
— == Sap-Tanaka Complate Movement
11 ===
4 Ts=7.78s /
10— d50=0.00034m /
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o
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Fig. 4.1 Comparisons of Sato-Tanaka's complete movement depth
vs Hallermeier and Birkemeier’'s closure depth.

HEA 47HA 9 Yol sdATFAE 7HA L oS g EgES
o]-& % ol sdATAHES AANEUT. A HFE&F Kol EdAF
A AR AIE 1dd 12413 23Eh e 9k ar( 2.76m, T, = 8.87sec)d U
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Fig. 4.2 Comparisons of critical sediment movement depth in
Haeundae Beach.
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Table 5.1 Wave conditions of wave-induced currents studies in Haeundae Beach

Shoreline
Changes

Beach
Processes

(Spring)

(Summer)

(Autumn)

(Winter)
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Table 5.2 Continued

BAREA A Beach Irregular Waves
] (same as above)
1A (2011) Processes (same as above)

Beach
Processes

Lim et al. (2014)
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