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Summary

In this study, to prove the wave-induced settlement, the long-term
measured settlement data at Jeju harbor caisson breakwater were analyzed.
Additionally, a wave load acting on the structure and seabed was calculated
using 3D-NIT (Three-Dimensional Numerical Irregular wave Tank). The
wave load data was used as an input data in geotechnical analysis program.

The following conclusions were drawn.

Generally, the structure built on sand ground predominantly depends on
immediate settlement. However, based on the field measurement in Jeju
harbor area in which the silicate and carbonate mixed sand exists, it shows
that in addition to the immediate settlement a considerable additional
compression has been occurred with time due to crushing, shattering, and
rearrangement of sand particles, especially carbonate sand particles.

This material related settlement has been already studied. However, the
settlement data show extra unordinary settlement which is related to wave load
due to storm. The study on the wave-induced settlement has not been
conducted so far. In this study, we focused on the wave-induced settlement

affected by Typhoon.

In Jeju harbor caisson, the settlement caused by wave load was identified.
Settlement, excess pore pressure, and effective stress path histories were
estimated. The ground settlement was a little different at each measured
location but practically the same. Settlement at the leeside is little bigger than

that at the seaside.

As seen settlement history, wave load induced settlement clearly occurred



so that the effect of wave on settlement was verified. Comparing with wave
distribution, the ground settlement was not occurred during regular wave
condition, but the settlement increased with wave. The rapid and abruptly large
settlement occurred at the maximum wave load. After the maximum wave load
the settlement still continuously occurred but the magnitude i1s smaller than

that occurred at the maximum wave load.

The change of excess pore pressure ratio showed a similar pattern to
location and depth of ground. The excess pore pressure ratio reached up to
0.9 at the ground just below the toe of rubble mound. When the excess pore
pressure ratio reaches up to 1 and we can define the soil becomes liquefied.
The rest of area showed 0.5 of excess pore pressure ratio. This excess pore
pressure ratio was not enough to induce soil liquefaction, but could decrease

the effective stress and cause the ground settlement.

As seen the effective stress path in p'-q’ diagram, the ground at the toe
of rubble mound was the most vulnerable location. As increased the excess
pore pressure, the effective stress path moved to left side. Comparing with
Mohr-Coulomb failure line, the ground at the toe of rubble mound closely

reached to the failure line. It indicated the decrease of ground strength.

From this study, we can clearly see the effect of wave load on
settlement in coastal structure built on sandy soil so that this effect should
be incorporated in design and maintenance. Additionally a study of guideline
about the structure installation considering the storm wave load induced

settlement should be conducted urgently.
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Figure 2.4 Vertical soil stress effect according to equal loads
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Table 2.1 Relation of stress and void ratio (Hough, 1957)

No. N-value Cs =
. 0<4 0.104 1.005
) 0.090 0.905
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Figure 2.17 Relation of stress and void ratio (Hough, 1957).

_80_
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4) Buisman-De Beer (1952)
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5) Terzaghi & Peck (1967)
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6) Meyerhof (1974)
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Table 3.1 XRF results of beach sands in Jeju island

NO Location 5102 |ALO3| TiOs [ Fe:03|MgO| CaO |NaxO| KO [MnO | P.Os | LOI | total

1 Sam-yang 4948 | 1574 | 2.06 | 10.76 | 565 | 816 | 3.20 | 1.50 | 0.11 | 046 | 232 | 99.43

2 Ham-doek 318 | 068 | 013 | 068 | 342 | 4539 | 0.39 | 018 | 0.02 | 0.20 |41.93| 96.74

3 | Gim-nyeong(s) | 141 - 0.04 | 019 | 3.44 | 4808 | 0.87 | 0.06 | 0.01 | 0.15 | 44.39| 98.64

4 | Gim-nyeong(l) | 6.74 | 235 | 029 | 196 | 2.56 | 49.72 | 0.64 | 0.20 | 0.02 | 0.54 | 34.26 | 99.28

5 Wol-jeong 1.78 - 0.05 | 046 | 294 | 4818 | 0.80 | 0.07 | 0.01 | 0.16 | 43.84| 98.29

6 Haeng-won 452 | 063 | 010 | 1.27 | 290 | 5410 | 053 | 0.06 | 0.01 | 0.17 | 36.11 | 100.40

7 Han-dong 1.86 | 062 | 0.08 | 0.85 | 2.37 | 5642 | 050 | 0.04 | 0.01 | 0.19 | 37.27 | 100.21

8 Jong-dol 1451 | 242 | 037 | 598 |10.71 | 3555 | 0.74 | 012 | 0.05 | 0.19 |30.29 | 100.93

9 | Hongjodangwi | 0.28 | 0.02 - 0.08 | 593 | 53.13 | 0.85 | 0.01 - 0.09 |39.85| 100.25

10 Hagosudong 813 | 1.05 | 010 | 1.03 | 215 | 51.26 | 0.99 | 0.23 | 0.01 | 0.15 | 34.37| 9947

11 Gummulae 3777 | 814 | 1.79 | 1659 | 15.05| 11.23 | 223 | 067 | 0.14 | 0.30 | 6.28 | 100.19

12 Seong-San 36.82 | 715 | 1.62 | 1887 | 1881 | 849 | 1.96 | 049 | 0.16 | 0.23

o1
w
@

99.92

13 Sin-yang 2600 | 212 | 049 | 1348 |23.73 | 1698 | 0.33 | 0.10 | 0.08 | 0.14 | 13.01 | 96.46

14 Pyoseon 338 | 045 | 016 | 091 | 3.20 | 4493 | 0.99 | 0.13 | 0.02 | 0.14 | 42.00 | 96.30

15 Jung-mun 13.67 | 451 | 062 | 3.04 | 3.02 | 3740 | 1.36 | 0.38 | 0.04 | 0.30 | 33.83 | 98.17

16 Hwa-sun 3817 | 926 | 1.14 | 878 | 805 | 1552 | 1.37 | 052 | 0.07 | 0.27 | 17.22 | 100.37

17 Sa-gye 3158 | 594 | 066 | 526 | 623 | 2497 | 1.22 | 064 | 0.05 | 0.27 | 22.60 | 99.42

18 Sang-mo 49.32 | 11.02 | 1.64 | 11.22 | 913 | 906 | 2.37 | 1.21 | 0.15 | 0.44 | 4.82 | 100.36

19 | Geum-neung 392 | 026 | 018 | 083 | 1.70 | 4835 | 0.67 | 0.11 | 0.01 | 0.11 |[42.04| 9818

20 Hyepjae 1.46 - 0.03 - 3.24 | 4797 | 1.12 | 0.07 - 0.16 | 49.96 | 99.02
21 Gwidoek 941 | 186 | 025 | 1.79 | 2.07 | 4952 | 1.57 | 0.17 | 0.02 | 0.16 | 33.20 | 100.02
22 Gwakgi 342 | 059 | 018 | 088 | 1.82 | 4733 | 1.04 | 0.17 | 0.01 | 0.14 | 40.68 | 96.27
23 Handam 437 | 091 | 011 | 098 | 1.91 | 5438 | 1.41 | 0.07 | 0.01 | 0.12 | 35.66 | 99.95
24 I-ho 3055 | 1258 | 093 | 515 | 2.68 | 23.36 | 2.86 | 1.15 | 0.06 | 0.34 | 19.36 | 99.04.

25 Jeju habor 2616 | 937 | 094 | 501 | 3.00 | 2728 | 2.46 | 1.02 | 0.06 | 0.32 | 23.63 | 99.27

¥ LOIL' Loss of Ignition, Unit: wt%

1) A" 2 (Silicate sand)

Z43H2006)> A% A Ze] 3+ FAF= Nakanmura(1925)] 93] A<
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Table 3.3 The physical of silicate sands
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Figure 3.3 Name of volcanic rock(Cox et al., 1979).
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Table 3.4 The physical of carbonate sands

Specific Sieve Analysis
Location Grglty D, D;, Dy, G c US.CS
(Gs) (nm) (nm) (mm)

Ham-doek 2.74 0.2 0.28 0.36 1.80 1.09
Gim-nyeong(S) 2.69 0.17 0.20 0.27 1.59 0.87
Gim-—nyeong(L) 2.68 0.16 0.22 0.32 2.00 0.95

Wol-jeong 271 0.18 0.23 0.31 1.72 0.95

Haeng-won 2.66 0.18 0.24 0.32 1.78 1.00

Han-dong 2.70 0.19 0.28 0.45 2.37 0.92
Hongjodangwi 2.60 1.80 2.50 3.40 1.89 1.02

SP
Hagosudong 2.53 0.16 0.22 0.33 2.06 0.92
Pyoseon 2.70 0.14 0.18 0.24 1.71 0.96
Geum-neung 2.716 0.49 0.69 1.30 2.65 0.75

Hyepjae 275 0.20 0.29 0.42 2.10 1.00

Gwakgi 2718 0.23 0.31 0.45 1.96 0.93

Gwidoek 2.80 0.67 1.00 1.50 2.24 1.00

Handam 2.79 0.27 0.38 0.55 2.04 0.97
i i i i i i i —H&— Ham-doek
: : : : : : : —&— Gim-nyeong(S)
SRR LR tH —A— Wol-deong 90
: : : : : : : —><— Hagosudong
: : : : : : : —X¥— Pyo-seon ~
RN | X Geum-neung S
IR I N . =
b boooooll O Hyedue 60 =
[N l —+— Gwi-doek =
R | —=— Gwakiji =
P I 3
[ 1 —e— Han-dam 5
R : —a— Gim-yeong(L) =
I L 30
: : : : : —@— Haeng-won
: : : : : —*— Handong
b | —*— Hongjodangwl
IR N ]
IR VIR I

10.00 1.00 0.10 0.01

Grain size(d,mm) ~

Figure 3.4 Grain-size distribution curve of carbonate sands.
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Table 3.6 Formation characteristic of sands

Section Location Formation Characteristic
Sam-yang River
Seong-san Seong-san tuff cone
Silicate Sand
Gummulae Udo scoria cone
Sang-mo Songak Mt. tuff ring

Sim—nyeong(S)

Carbonate Sand Haeng-won Formation due to wind
Han-dong
Jeju habor Sara Mt. scoria cone
Jong—dol River
Sin-yang River
Mixed Sand Jung—-mun River
Hwa-sun Sanbang Mt., Yongmori scora cone
Sa-gye Sanbang Mt tuff ring
[-ho River

XRFe| 235 Edz AFE A x4 +84E% SiOy, AlOs FeOs
of S =AAAAN T Fo FAEAEEY Cao, LOIY| e T3l 1t

A mdsh vy wo, a@n FA9d wagel EA4R RdR 2R &
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Table 3.8 Specific gravity of classified sands

Section Avg. Gs | Range of Gs Note
Silicate Sand 2.85 2.718~2.87 Gs of general sands: 2.6~2.8
Udo: 2.53, 2.60
Carbonate Sand 2.7 2.53~2.80 Northeast: Avg. 2.69

Others sand: Avg. 2.76
Mixed Sand 2.78 2.70~2.98 Sin-yang: 2.98

A} o 57 d7dol IA YERREH.
Figure 3.6 wH7® =gl gk HA JAd HANYE S HEbA PEitxEo]

o,

i
rO
ol

—6— Mixed Sand
—O— Silicate Sand 90
—A— Carbornate Sand
Q
=
-’
s
160 =
=
-
=
[
1>
=
[
-
1 30
= 0
10.00 10 0.01

.00 o 0.
Grain size(d,mm)

Figure 3.6 Grain-size distribution curve of classified sands.
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Table 3.9 Contents of

iron sand(wt%)

Location Contents of Iron sands Classified sands
Sam-yang 39.77 Silicate sand
Seong-san 2.99 Silicate sand
Jeju harbor 23.82 Mixed sand
Hwa-sun 11.09 Mixed sand
I-ho 24.75 Mixed sand
Sang-mo 1.95 Silicate sand
Sin-yang 5.59 Mixed sand
Sa-gye 5.59 Mixed sand
Wol-jeong - Carbonate sand
Gim—-nyeong - Carbonate sand
Hyepjae - Carbonate sand
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Table 3.10 Characteristics of samples

Sam-yang Gim—nyeong Jeju harbor
Classification Silicate ssand |Carbonate sand Mixed sand
SiOg+Alx03.Fex03(%) 75.98 1.59 40.54
XRF
Cao+LOI(%) 10.48 90.01 46.64
Main mineral Feldspar Calcite Feld;gglr(,:inCleellcite
Gs 2.87 2.69 2.74
Dyo 0.17 0.17 0.22
Grain-size D3 0.19 0.2 0.31
distribution Dso 0.23 0.27 0.46
(mm) Cu 1.35 1.59 2.09
Cg 0.92 0.87 0.95
US.CS SP SP SP
€max 1.109 1.690 1.768
€min 0.75 1.205 1.246
1) AFAFge 2
doiE o] wE AR meol uigt ASUSAd Ay Table 3113
Figure 3.7¢ Zth AddE7t S71E55 difetdze]l S71s & 4 o
A e e gkt
Table 3.11 Strength parameter of Sam-yang sand
A =(Dr) 40% 50% 60% 75%
Ul -mk2k 2t () 374 40.5 41.4 43.0
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Figure 3.7 Relationship between normal stress and shear stress
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AR S ANRYOr, AFY Ao meQl g FHAE 50%

R4 =

T

A= 75%0 4 gHEAIF ] AAHGE, Table 3.15% Rele] ¢HEA3

Table 3.15 Testing contents

Standard Large
Load Time
24hr 72hr 120hr 24hr
Location
Gim—nyung(50%) @® @® @® @®
Sam-yang(50%) @® - - @®
Jeju habor(50%) ® - - @®
Jeju habor(75%) - - - @®

3) ANa2ax

Aokl o] wefo] F=A]d A= Table 3.16% Figure 3.10% #t}.

Table 3.16 Compression test result of Sam-yang sand

Section Standard Large
At etz (Pe, (t/m') 17 21
=A<+ (Ce) 0.053 0.073
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Figure 3.10 Compression curve of Sam-yang sand.

AdAge o dFA1d A3+ Table 3.17% Figure 3.113 2t}

Table 3.17 Compression test result of Gim—-nyeong sand

Section Standard Standard Standard Large
-1lday -3days -bdays -lday

A bd st (Pe, (t/m) 37 37 33 37
4 =A9(Ce) 0.140 0.158 0172 0.203
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Figure 3.11 Compression curve of Gim—nyeong sand.

@ AFIA Y =
AFeldt g R t=A1e A= Table 3.18% Figure 3.129F Zt}.

Table 3.18 Compression test result of Jeju harbor sand

) Large Large
Section Standard (Dr=50%) (Dr=75%)
A td sk (Pe, (t/m') 37 40 40
A=A (Ce) 0.199 0.226 0.116

_60_



1.500

—&— Standard-1day
—— Large(Dr=50%)
—— Large(Dr=75%)

1.400 |

.300 |

Void ratio

1.200 |

0.1 1 10 100 1000

Consolidation pressure(p, t/ mz)

Figure 3.12 Compression curve of Jeju harbor sand.
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Figure 4.1 Wave deformation effects for the vertical type caisson

structures(Shore protection manual, 2001).
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Figure 4.7 Free surface model by VOF method

(Ministry of Maritime Affairs and Fisheries, 2001).
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% "YT“’ % Extemal force F

iy, causmg displacement u
Inelastic spring /<. 7 4SS %
AN~
Z@Ewg A
7

Figure 4.9 Schematic view of multi—spring model
(Towata and Ishihara, 1985).
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ATt (Iai et al., 1992b).
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FAR S B F=HE A} (Sawada et al, 2000; Ozutsmi et al, 2002; Ilai et
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Figure 4.10 Schematic view of liquefaction front,

state variable S and shear stress ratio(Iai et al., 1992a).
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TS A 4689 YERATE
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{7} = MDY a{ J-ar{ot+ [ 57 }dV+/BT{a Jdv

Vi
(4.68)
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Table 5.1 Weather summary in Jeju

TR w9 | 7 T2 w9l 7
A 3 15.6 K 1,016.2
2 1 18.8 j :i 2 3 | hPa | 10412

7l e | #HEHA C 12.6 4 A 966.3
] 374 | S 716

A A o0 | a = 50

) % % | m/sec| 395 gt = 519

i i % ¥ NW 5 9 152.1

T g 2003. 9 b ) 12.3

i & o | B % m/sec| 600 d & 36.7
3= g NW Zj 2 A o] 15.1

T H g 2003. 9 A 16.3
HFTE | m/sec 3.6 ] %l 13.0

3 = A g It . 1,441.6 =z  3? 12.2
d H o 248.7 7Y 0.0

% AR T AAR (AT 1976~20054),
¥ 1) ¢ 10mm °©]4, 2) 3% 139m/sec ©]%, 3) -10C o]}

=
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6.0C= Yeldt. 9872 Table 529 Figure 5.13
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Table 5.2 Monthly temperature

(&9 © TC)
B
1 2 3 4 5 6 7 8 9 10 | 11 | 12 |Hd
T
ks T 56| 62|92 138177214 (25.7]265|228|180|128| 81 |15.6
Ay | 82 | 91 |12517521.4(24.8(289]295|25.7(21.2(159|11.0|18.8
B A 30| 33|59 101|142|185(23.1]239]20.0|148| 96 | 5.2 |126
= 312141245 |124.0]30.1|31.6|345|36.0|37.4|34.4|30.7(250|222|374
= A -451-60|-41| 08 | 72 |11.4(159|158|132| 59 | 05 |-36| 6.0
—e— X 1 —-— 3 7 —a— F X HAED —x—EH 3 Z| X
40
30 /—/‘//‘\\\’
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19 o€ 3¥ 47 58 6z 78 sx  9¥ 10" 11" 12%
Figure 5.1 Monthly temperature.
513
A HI A 1,441.6mm= A= H(1,350mm)S v AsleteE ez
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_99_



WE AT AFE F oF 60%7h 62014 9974 474
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Table 5.3 Monthly precipitation

(2] © mm)
o4
B 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | &

¥ |51.4|54.0|77.4| 859 | 97.1 |183.6(229.3|276.2196.3| 75.8 |70.1|44.7|1441.6

A H}|51.6/64.3172.0/101.6{167.0248.7|215.0|248.2|231.5{221.0 |86.4|36.5|248.7

DEYFLLY BLANYLY
300
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Figure 5.2 Monthly precipitation.
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P HitF 52 36m/secE SAO] HEte] oF 1.0m/sec A= 73w}
o] v oFHo] nls AH FHo] 43 Aow eyt Ad AdFES
39.5m/sec(NW), <=3+ H &% 60.0m/sec(NW)2 el o 5% 2003 9€
Bl uwjm] UG5 Ao 2Astath 9 E2£2 Table 54¢ Figure 53¢ #t}

183 Table 5.5= T3 Zd&o|H, Figure 54+ AbgHdv| =oth

Table 5.4 Monthly wind velocity
(9] : m/sec)

o
(12

1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 |Hd

4
it

47 144139135130 |31|30 (31|31 |33 |38]|44] 36

24.0119.3|19.5|23.7]180|16.7|19.6 | 22.3|39.5|21.8 | 19.3 | 23.3 | 39.5

30.3129.4|34.1 356|286 |34.0 | 34.3|41.6|60.0 | 38.8 | 28.8 | 33.9 | 60.0

ofd B [y |ofd | ol o
Ab = A = d4p S
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Figure 5.3 Monthly wind velocity.
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Table 5.5 Wind direction different incidence

(9] %)
z & N NNE NE ENE E ESE SE SSE S
=dE&| 76 7.8 6.3 6.3 6.5 5.3 45 7.1 6.0
> | SSW | SW |[WSW | W |WNW/| NW | NNW | A& Al
=d&| 39 4.0 4.0 4.7 6.9 9.3 85 1.2 100.0

A N LEGEND
N
T o FET[0.3m/fs]
- 0.3~3.3m/s
s 3.4~-7.9m/fs
1.24 o 8.0~13.8m/fs
= 13.2m/s & Over
=
=(N) 7HE(N)
U T
1.23 0.73
——— L
o &(N) 71&(N)
0.43

Figure 5.4 Wind rose diagram.
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Table 5.7 Major typhoon affecting the Jeju region

(maximum wind speed 20m/s or more)

e o % e jj zmam %z}z}i e

ME | o B mpa) | FF | 200 FF | L]
1 0215 RUSA '02.08.31 | 969.1 N 43.7 N 56.7 | 99.5
2 0314 MAEMI '03.09.12 | 9740 | NW | 395 | NW | 60.0 | 2319
3 | 5914 SARAH '59.09.17 | 9651 | NNE | 335 | NNE | 469 | 269.1
4 | 5209 KAREN '52.08.18 | 990.1 S 29.2 | SSW | 386 | 1779
5 | 0012 | PRAPIROON | 00.08.31 | 9900 | SSE | 289 | SSE | 388 | 90.5
6 | 6411 HELEN '64.08.02 | 971.3 | NNE | 257 | NNE | 374 | 46.1
7 0407 | MINDULLE | '04.07.04 | 9852 | WSW | 256 | SSE | 354 | 364
8 | 0711 NARI '07.09.16 | 979.0 NE | 248 | NE | 36.1 | 507.0
9 | 9612 EMMA '56.09.10 | 981.1 N 243 | NNE | 30.8 | 2254
10 | 5609 BABS '56.08.16 | 990.6 | NNE | 242 | NNE | 30.1 | 304
11 | 6015 CARMAN | '60.08.23 | 985.0 | SSW | 23.7 | SSW | 335 | 1998
12 | 7910 IRVING "79.08.17 | 983.0 | SSE | 233 | SSE | 365 | 1376
13 | 7011 BILLIE "70.08.30 | 975.5 NE | 226 | NE | 351 | 200.0
14 | 9907 OLGA '99.08.03 | 983.2 | SSW | 223 | SE | 382 | 296.0
15 | 6617 BETTY '66.08.30 | 989.8 | SW | 220 | SW | 37.2 | 1941
16 | 8520 BRENDA '85.10.05 | 986.6 NE | 21.8 | NE | 388 | 2214
17 | 7207 RITA 720726 | 9719 | SSE | 21.7 | SSE | 415 | 1320
18 | 6209 NORA '62.09.02 | 985.0 S 21.0 S 31.7 | 1365
19 | 8712 DINAH '87.07.30 | 933.0 N 21.0 N 353 | 178.0
20 | 0209 | FENGSHEN | '02.07.26 | 990.9 SE | 206 | SE | 302 | 69.5
21 | 5211 MARY '52.09.03 | 999.8 S 205 | SSE | 322 | 85.7
22 | 7818 IRMA "78.09.15 | 1001.0 | ENE | 20.3 | ENE | 32.0 | 21838
23 | 7408 GILDA "74.07.06 | 980.1 | NNE | 20.0 | NNE | 348 | 88.7

% AR BARZFI00GAHE ), 2011, =F7FelF A E

- 104 -
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521 ZAFSIA
AFLdA S Q1 37] A-ANA] 20050 72 8Y ~ 20061 2¢¥ 1ol AA =
A8l 2FY T8t 7|E Aok Hlal - HEH T Figure 55+ 3%

24} S1A o], Table 5,88 @5 ZAA 8 Al7]o]th
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o

54200

54000

53800

53600
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53200
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52800

52600

157400 157600 157800 158000 158200 158400 158600 158800 159000 159200

Figure 5.5 Location map of marine survey.

Table 5.8 Time and place of the investigation of each item

i e R
= A PT-1 33°31"39”N, 126° 32" 35" E AT+ Axa
AL27F PC-1 33231 567N, 126° 33" 34" E | 2006. 1.18 ~ 2. 1
FHIEF SC-1 33°31"37"N, 126° 33" 04" E 2006. 2. 1
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F7h 264.8cm® 712 Z A B b 186ecm Srrh. 1964358 20043704 #SH A
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Table 5.9 Tide table of Jeju harbor

gt = AT A
su = 9 = 33°317397N, 126° 32 "35"E
3 Z 7] 7k 1964. 1 ~ 1965. 1 | 2005. 7. 8 ~ 8. 6
23} dF | wzxx A2k | kA | A7
R Z (cm) (°) (cm) (°)
Z M2 TS5 =2 (Hm) 71.3 304.9 65.6 308.8
3}
L S2 FEHEAd =2 (Hs) 30.1 326.4 271 327.2
o
T Kl d9g3dF=(K') 23.0 211.1 23.1 213.2
Ol FHSY52(Ho) 17.3 189.9 16.7 192.1
B2z (MHW.L) 10h 31m 10h 39m
Ha A x4 (MLW.IL) 4h 19m 4h 27m
1=%% (Obs. HHW.) 328.00'04.7) 328.0('04.7)
oFH 1129 (Approx. HHW.) 2834 264.8
HzHT1ZEY (HW.0OS.T.) 243.1 225.9
A1 Zz9 (HW.OM.T.) 213.0 198.7
1] Az 1Z9 (HW.ONT.) 182.9 1715
=z s (M.S.L.) 141.7 1324
3} A Az (LW.ONT.) 100.5 93.3
A} Ha A x29] (LW.OMT.) 70.4 66.1
= AT Az (LW.OST.) 40.3 38.9
oFH A A 29 (Approx. LL.W.) 0.0 0.0
A=F2¢ (Obs. LLW.) -48.0('66.2) -48.0('66.2)
0 = A 202.8 1854
o+ Z =2} 142.6 131.2
AZ2} 82.4 77.0
B R 0.40 0.43
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Approx. L. L. W

3.0
2.0
1.5
1.0
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0.0
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1.715
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Figure 5.6 Tidal chart in Jeju Harbour.
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Table 5.10 Summary of observation of the flow of seawater

AR (7B =, WGS84)

TR N = #5712 | A v AL
A%zRB= PC-1|33°31 567 | 1262337347 | 2000 LI Iy (001 | 22 (howo)

~ 2.1

¥ 3 (hoyo)

SC-1133°31 737”7 |126°33 704" | 2006. 2. 1 | DL.(-)15.0 | &=(hsno)
A Z(hg/10)

of\
e
BN
e
i
AN

Table 5.11 Tidal current in spring tide

(39 A7
45 A A7 5 A A6
- _ ;((3]—}‘2 1_/_11.52
A S gan | 92w 2R dER
(LW+hr)| (HW+hr) (LW+hr) (HW+hr)| & | 75 | & | 7%
(°) | (em/s) | (°) | (cm/s)
A o - - - 53| 52 | 79 | 30
PC-1
g7 | -01 16 37 43 | 247 | 29 | 102 | 24

Table 5.12 Tidal current in neap tide

i T = W 4 = 7
= x| 12 | gxq A4 s 3 s 3
oo b (cm) -8k = A -k = A
(°) | (em/s) | (em/s) | (°) | (cm/s) | (cm/s)

x7] | 2/ 1 | 257 | 251 43 35 76 30 22
PC-1

Azx7] | 1/25 81 245 15 15 96 21 21
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Table 5.13 Summary of observation of the flow of stratified seawater

=4 | 49% | 2x¢ | & Am EpE-
3331 37N | 2006. 2. 1 f’?‘@L-(‘mm)
SC-1 N - DL()I50 | &3(DLL90m
SC-1(2006.02.16)
50 T T T T T T T T T T T T 400
= {
- T BOTTOM 300
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Figure 5.7 Measured Stratified tidal
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Table 5.14 Mean spring maximum tidal current

R S
s oA Rsd 2 A WSS sy wx | A9 | w9 25 | A
( °) |(em/s) | (cm/s)| ( °) |(cm/s)|(cm/s)
g5 | 24| 39 | 27 | 12| 27 | 21
2z 987 T% | 280 38 26 108 24 19
SC-112006. 2. 11 5% o0r | A% | 318 | 31 | 21 | 106 | 19 | 15
B | 294 | 36 | 25 | 18 23 | 18

54400
|

54000 54200

53800

53600

53400

53000 53200

52800

157400 157600 157800 158000 158200 158400 158600 158800 159000 159200 159400 159600

Figure 5.8 Averaged maximum flow velocity.

Zgfan, 2000del A E AFAY WA gA)FE AAEA &9 B

= AFE 55 adMe xR= Aol Bdstel za2v HAgFEHS 0.2~
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516% 7| ZZFAbe A89 AAdi=d A F=@dol, Table 5168 7] ZF Al

Table 5.15 Conditions of reproduction by frequency of deep-sea wave

that has been applied to basic research(Existing plan)

AR &= o 3 3 31(m) T+ 7l(sec) Hl a1
NNW 7.0 11.0
50 NW 6.0 12.0
NE 4.7 9.0

Table 5.16 Conditions of reproduction by frequency of deep—sea wave

that is considered basic research (Korea Ocean Research Institute)

AER = o 7 3l(m) T 7l(sec) AAH S
NE 7.99 12.26 060133
50 NE 10.35 13.38 059133
NE 10.85 13.89 058133

% A= o Sk E] A -4 (2005)

AFe e AANE Asu =7 aHow HESAY. 2y e
AFhol = S FFAF- A FA T, 2005, 12. Al s AA =4 1
oA 1) oz ¢y FHe 1/12°27]9 AAHENA 16WEE A
el Aala 2058 AlAEH o] 2UES AMEH AL

AARE FolA AFAFA A Mgt 2oz AMgslr]ol e AxA
057133(33°42 " N, 126°19.8 " E), 058133(33°42 " N, 126°30 " E), 059133(33°42 "N,
126°40.2 " E), 060133(33°42 " N, 126°49.8 " E)o|w Table 5181+ 5 A=A oA
F2% 50d 2 10 AERIES] s 20ES FEstAt) o] F AFAIA
o= 50 AARIEe 49 33 ENE, NE, NNE, N, NNW, NWE 48452

!
e

{0

e}

rlo

12

rr

- 113 -



po
o
fr
Y

Table 5.17 Conditions of Jeju harbor area deep sea wave

she NEol tjate] WlaA shitt 436 m,

A= At Table 517 AlF213A19 4l sl 3

A& = & 3 3(m) = 7](sec) A A &
ENE 10.72 13.84 060133
NE 9.06 13.01 059133
NNE 7.61 11.57 058133
50
N 7.29 10.94 058133
NNW 591 9.96 058133
NW 8.23 12.47 057133
ENE 7.03 11.2 060133
104
NE 5.79 104 058133

Srela, 200096 4 E ATl g kAl (e A)
o AFelge] AARAR AAe HA FAAA &
S AA% AR 2AAS F ATIE AT Fun

Lol AT A dAvE Ak

= AAAEA & BaA

W

!
1
E

g AFA gl A

R
>,
il

EU = Table 4.72

Table 5.18 Deep water design wave data of Jeju harbor

o} 3} 3L (H,)s) F71(1y5)
NW 6.0m 12.0sec

NNW 7.0m 11.0sec
NE 4.7m 9.0sec
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525 a3 FA Y (SWAN)

SWAN(Simulation Waves Nearshore) X &2 35 X EAZA vbgd 4
A oE AR 20 58 ety A9y, & 9 e oA gdFgs ALt
ATH 712G AL g5 H P2 (wave action balance equation) A&+

A& (source term)oll wet A1AID, 24 2 A3HY 2d Foz EFEH

m&*

PN
T

ml

rl

AT g = A3AY o] AEFH AT o]F FF(advection), TAH &
of 28 = A(refraction)?} H4= @A (shoaling), Bt & &0 <3 deeo] v}
ws] % dkAR(blocking and reflection) ©] A7l SWAN Edojr= 34

(diffraction)el]l 93+ &} WS HFE & gov AT g 483 Version
4041Bol M &= 4E3 A8z 48 udyst F Jde Aoz AA A
50 W% 670 Asls 273 1008 W% 270 Asisl 2738 ALE5he] At

SFAl, Sl Saale) 270 @Rl tid A Ay 509 A v
_Zr_

A A 9= Table 5.18% #ti.

Table 5.19 Jeju harbor area design wave

5 3 A
> = b5 5ot
1, 2793 &l ol 1 1) -1t
3} 31(Hys m) 7.3 7.0 7.0
T 71(Tys sec) 13.01 13.01 13.01

5.2.6 A9 HA7|E

wbAle] AAVIEE U 0 olg AAZIE2006, ALRAE) ATH 2%
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Table 5.20 Boring position and altitude with benchmark

= = . ® S
X Y (DL. m)

s 52,618.25 158,405.64 - =

uj A —A 53,575.66 157,508.30 6.396

WB—1 53,591.29 157,566.94 —-12.78

WB—2 53,614.05 157,654.19 —18.32

WB-3 53,636.95 157,740.86 —22.62

WB—4 53,659.02 157,829.04 —-22.17

WB-5 53,682.04 157,916.09 —21.62

WB—6 53,707.01 158,002.05 -21.35

WB—7 53,752.93 158,090.86 —-21.72

WB-38 53,798.87 158,179.78 —22.22

WB—-9 53,844.85 158,267.63 —-22.17

WB—10 83,891.21 158,356.80 —-22.21

Al 1070 &
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Figure 5.10 Location map of soil investigation.
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Table 5.21 Summary of bedding planes

A 557 (m)
3 W H| 3L
HPEAES | 7TIAHAES | T3UYT | AYF Al

WB-1 2.7 — 0.4 1.0 4.1
WB-2 — - - 1.6 1.6
WB-3 0.3 2.0 - 2.0 4.3
WB—4 5.6 - - 1.0 6.6
WB-5 15.0 0.5 - 1.0 16.5
WB—6 14.8 2.7 - 1.3 18.8
WB-7 15.1 1.0 - 1.0 17.1
WB-8 12.7 0.3 — 1.0 14.0
WB-9 13.5 0.8 - 1.0 15.3
WB—10 12.5 — - 1.0 13.5

Al 92.2 7.3 0.4 11.9 111.8
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Figure 5.11 Boring profiles in west breakwater.
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Table 5.22 Laboratory test results of soil samples

3= SRS
T oW Ax 1| = USCS H| 2L
(%) #4 | #200
WB—1 0.0 29.7 2.63 | 49.9 4.2 GP A A E=
WB-3 0.0 20.5 261 | 93.1| 4.1 SP A A E=
WB—4 1.8 24.1 2.62 100 2.6 SP AHEHES
2.4 27.7 2.62 100 3.4 SP AHEHES
WB-5 .
11.0 23.7 2.63 100 | 13.3 SM A EHES
5.2 25.8 2.62 100 7.8 | SP—-SM| siAEAHEZS
WB—6
9.3 37.6 2.63 100 | 22.1 SM AP ES
2.7 26.2 2.62 100 5.7 | SP—-SM| sIAEAES
WB—7
8.9 29.3 2.62 100 | 16.1 SM AHEHES
WB—8 4.4 38.3 2.62 100 | 7.9 | SP-SM| sIPEAE=S
7.4 40.4 2.63 100 | 20.5 SM NAHAEFHNES
WB—9 .
10.8 45.5 2.63 100 | 25.0 SM AP EHES
2.0 30.6 2.62 100 6.9 | SP—-SM| siAEAHES
WB—10 -
10.4 44.0 2.63 100 | 17.2 SM A EHES
Table 522% ZAFA| Ao EX3l1 9= 77 A =9 EAASE 24" NS
Eg2 2% S Faste] A3 Aatolu

. ¢ ¢ E
ik UsEs R (°C) (M)V/ m (kN/jnZ_
A EHEZ| SP, SP-SM, SM| 9~35| 25~35 - 700~2,800
1A HAES GM >50 >35 - 3,500
7] Qk5 - >100| >40 - >4,500
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Figure 6.2 Wave gage setting figure.
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Figure 6.3 Wave gage installation processes.
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Wave height (m)

2003.09.1218:00 Ef 5 MAEMI

2007.09.1614:00 Ef = NARI

16—  X|CHO}D 11.38m £} 5.7m Z|CHm 1 13.70m R 2|IH 1 6.71m
12 /

Maximum wave
g Significant wave

: i |i| / r 4 Y : ! oo ‘ I |
2004-01-14 2900049 2006-10-10 2ea-uea 2009-07-06
Time

Figure 6.4 Wave height history : Maemi and Nari.
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Figure 6.5 Wave period history : Maemi and Nari.
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Table 6.1 Figure 6.4°14 A3 10m o9 duE ved 33 =23
o] Aelst Ay},
Table 6.1 characteristic of storm surge
o) % 4 ENAYES
T4 B¥y | HAS - -
S 5k 5 7 ST 5k o =
T | (mfsec) | ©F |(m/sec.)

2003.09.12 | 0314 | MAEMI| 974.0 NW 39.5 NW 60.0

2005.12.21

ol
oft

AR 1018.1 | NW 16.2 NNW | 27.5

2007.09.16 | 0711 | NARI 979.0 NE 24.8 NE 36.1

g Folu T8 F323]7F #AsAY. 28l gl HuE =4 U A H
Tug] we Favt 13.7m7hA A o, T Fol A= 20059 129 219
Al ek 11.0lmel g 37} TmeE 233k 7

e gek ' oA shanAel A7 EAste
LS

FRee TA B W ws T vl
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Table 6.2 Wave characteristic

2T

]

ot

an | A | x| 22 ga | w0 | BT se | a1
F71(s) (m/s) (°C)
(m) (m) (s)
021230 | 0:00| 591| 56| 080| 45| 005 NNW | SW | 160
030105 | 800| 576| 73| 312| 70| 007 NW |NNW | 147
030120 | 1800| 563| 93| 255| 64| 013 N |NNW | 145
grutal 1800 1138 78| 570| 84| 008 WSW | N | 212
0312.19 | 1200| 590 65| 301 66| 006] N |NNW | 153
031226 | 20:00| 523| 58| 261| 65| 007 NNE | NW | 158
040205 | 400| 518| 67| 303| 72| 011| N |NNW| 140
0411.26 | 1800 | 520 8| 308| 77| 012] NW | NW | 187
0412.31 | 20:00 | 7.91 8| 397] 85| 011 NNW | NW | 153
050116 | 800| 610 17.2| 283| 68| 023 N | NW | 150
050201 | 200| 649 82| 430| 86| 002 N | NW | 147
050219 | 1800| 553| 63| 302| 72| 006 NW | NW | 134
050312 | 6:00| 556, 59| 309 71| 015 NNW | NW | 13.1
050324 | 1800| 757 71| 451 89| 008 WNW | NW | 133
051204 | 1800| 864 11.6| 460 99| 011 WNW| NW | 187
0512.17 | 20:00| 7.07| 91| 446| 93| 016 WSW | NW | 155
P22 2200 | 1101 97| 550| 104 | 007 | WNW | NW | 163
06.0328 | 16:00| 635, 72| 400 77| 005| NW | NW | 153
0 100 | 1370 98| 650 80| 0.08| WNW | WSW | 227
K3
071230 | 1800| 731 107| 342| 90| 006] NE | NW | 162
080223 | 20:00| 500 72| 307| 75| 017 W | NW | 140
031128 | 6:00| 671| 74| 410 86| 005 NNE | NW | 187
0812.05 | 12:00| 741| 95| 442| 92| 001 ESE | NW | 185
081222 | 800| 564| 92| 319| 84| 003 WNW | NW | 167
090101 | 800| 515| 78| 320| 75| 011 WSW | NNW | 159
090110 | 400| 628 82| 352| 78] 006 WSW | NNW | 150
09.01.23 | 16:00| 749| 79| 343| 81| 008, SW | NW | 144
09.03.13 | 20:00| 583 73| 332| 73| 0.09| WSW | NNW | 142
091102 | 16:00| 560| 76| 322| 81| 002 W | NW | 200
091231 | 6:00| 579| 73| 306| 74| 014 W | NW | 156
100310 | 0:00| 689| 75| 389 77| 007| S | NW | 133
100321 | 10:00| 554| 93| 258| 77| 014| SW | NW | 140
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Figure 6.7 Observed reference surveying positions through level surveying.
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Figure 6.8 Measured position of settlement.
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Figure 6.9 Time-settlement graph : No.8.
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AN ] BA el gk AlS Adrt lo] 2 AFol A= Figureo A9} o] o]
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Figure 6.10 AlF% &3 AdapAe] Az 8474¢] 7lolzol gk =
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o =AIE A2 Table 620 @A% Hivtazp Smolsd HA us 5
Aol Aot B2 dFS v Ao Hol= vyt B IS FAT A
© 2 o]5% A st Table 6.3 Zt}
Table 6.3 Wave characteristics related to caisson movements
27w o o] 3 o
an A | TV IS e | R | A | e
03.09.12 | 18:00 11.38 8.4 0.08| WSW N | B & v =
03.12.19 | 12:00 5.90 6.6 0.06 N| NNW
04.12.31 | 20:00 791 8.5 0.11 NNW NW
05.03.24 | 18:00 7.57 8.9 0.08| WNW NW
05.12.04 | 18:00 8.64 9.9 011 WNW NW
05.12.21 | 22:00 11.01 10.4 0.07 | WNW NW
06.03.28 | 16:00 6.35 7.7 0.05 NW NW
07.09.16 | 14:00 13.70 8.0 008 WNW | WSW | B]Z 1+
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Table 7.1 Overview of the numerical models used to estimate

the design wave in Jeju Harbor
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Table 7.2 Design wave height calculated by the model in wide area

8} 231 (m)
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Farygow A4 Table 729 2 TIWAMESE A< Ao #-&
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I AFeE A oAl NWA LG NNWA L ghsfo] Auj2Ql Table 7.33

Table 7.3 Design wave height calculated by the model in small area

o} & 7}3(m)
NNWA <4 3.0~7.0
NWAH <4 3.0~6.0
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Table 7.4 Design wave height applied to 3D-NIT
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Figure 7.1 Cross—section of caissons, water depth, and ground profile of west breakwater in Jeju harbor.
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Figure 7.2 Representative cross-section of caisson for numerical analysis.
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Figure 7.4 Measurement location of wave pressure.
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Figure 7.9 Numerical modeling mesh of seabed for dynamic analysis.
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Figure 7.10 Surface area of Caisson deformation in x-direction.
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Figure 7.11 X-direction node deformations.
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Figure 7.12. Surface area of Caisson deformation in y-direction.
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Figure 7.13 Y-direction node deformations.
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Figure 7.14 Upper part deformations of caisson.
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