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SUMMARY

. TITLE Development of Technology for the Optimal Design of Rubble-Mound
Breakwater (Il)

Il. Necessity and Objective

Rubble-mound breakwaters are typically constructed with a core of quarry-run
stone, sand or slag, and protected from wave action by one or more underlayers and
a cover layer composed of stone or specially shaped concrete armour units. Due to
the fact that the breakwaters of this type are suitable for nearly all types of
foundations and any economically acceptable water depth, rubble-mound breakwaters
have the longest construction history among various types of breakwaters, and have

been widely used in Korea as well as all over the world.

Rubble-mound breakwaters are considered as a flexible structure in respect that
displacement of elements and composition parts is allowable, and the stab111ty depends
largely upon seabed condition and external forces. For the des1gn of breakwaters of
this type, therefore, special care should be taken on the geometry and stability of the
structure, such as crest elevation and width, slope of both sides, materials and
thickness of armour layer and underlayers including method of placement, and location

and shape of toe berm, etc.

The design .and construction techniques of a rubble-mound structure have been
developed on the basis of a broad range of experiences. In Korea, the geometrical
condition for harbor construction is getting worse, that is, deeper and softer seabed. It
is, therefore, necessary to develop the design techniques suitable for the local
condition of Korea, for the improvement in stability and economical viability of
rubble-mound breakwater. In addition, there is a necessity fdr collecting and analysing
data on damaged cases of breakwaters constructed before, which could be used as a
basis of future researches on rubble-mound breakwaters. The main purpose of this

study is to develop the design technologies of rubble-mound breakwater suitable for
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the

local condition of Korea, and to collect and analyse damaged cases of

rubble-mound breakwaters.

Scope of the Study

Main contents of this study are as follows ;

Iv.

Development of empirical equation for the estimation of the total effective wave
force acting on the rubble-mound breakwater structure.

Examination of deformation characteristics of the seaside slope with a variation
of a angle of inclination.

Examination of the stability according to the placement method of quarry- stones
for underlayers.

Collection and analysis of damaged cases of rubble-mound breakwaters.
Comparison of Hudson formula and van der Meer formula, which are known as

the conventional formulae on the determination of the armor stone weight.

Results and Discussion

Main results drawn from this year study can be summarized as follows :

A numerical model was newly developed, for the calculation of wave forces
transmitted to the internal part of a rubble-mound breakwater. The computation
results were compared and validated with the hydraulic scale model experiments.
This model is of use in many applications for comprehensive study on
rubble-mound structure in future.

Technology of measuring the wave forces acting on the whole rubble-mound
breakwater and the variation of water pressure of the internal part of the
rubble-mound breakwater, by means of hydraulic scale model experiments, was
developed. This technology can be used as the kernel for the evaluation of the
stability of the rubble-mound breakwater being constructed or early subsided on
the soft seabed.

Home and foreign damaged cases of rubble-mound breakwaters were collected

and analysed.
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- Hudson formula and van der Meer formula were compared and the differences

between them are analysed.

V. Practical Application of the Study

The study results will be used as a basis for the next year study. Some of them
are expected to be used as a reference to the practical design of rubble-mound

breakwaters as a reference.

V. Accomplishment and Contribution

The goal of this year study was attained with satisfactory results. The technology
developed from this study will be distributed to consulting and construction company

for the direct application to the execution design on the rubble-mound breakwaters.
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2. 29 2 AZ7]79 4%

<29 325> sFAd B2 FAA ZPE ol ZPo] X E HHE HEPAET.
HENE ZPE HdAEY 2dd2% yho AXsAx 2 9o 2dwg ¢ F 1AA
Aoz 48 F FEH9 nEHo|Y oo gEZ At AFEFAZIGEH AEV)
A EHE AZHL FHOZE HEHNE TFHY Fo| 24cmd EFY nvRd FY
o2RE FAWE FOoE 28cm EolForn dFoEE EYPY nlRHORRE I
43.4cm golAth. FAol 05~08cmsl 2EH AolA Y FUAP)IE P AlHOZHR
B 05~1.0cmo] el A=)ttt

<Y 326> 7I2AM el MXE AF5GAY fxE 2z <a¥ 327>
FZ e 28 9 fauAst AXE 9XE vepd.

Unit : cm 3=ASBI| -

| | it ¢
10.5 | | 10.5 f-o Unit _Cm
4 ~11i0.0

}dpG dp7.| dp8

15,5 15.5' 15,5
o “tongs 15‘.0
(1 37.0 37.0 37.0 15.0
]dpm dp15 ¥ api6 dp17 ] e
10.0 33.0 ' 330 | 330 | 330 10.0

<Y 326> 712AMY We 2FA wiA =
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<y 327> (W)E FnA7E g2d AXHASS v, 4 fuides o
L9 £ 2 ALEHAUG
W1 2 (W2) : o] HFol A&
W3~W5 : Aol 3 Fho| A JAtg}el wiabsle] ¥
(W6) : W3t Toeol FHAAN FHae AZF
70 A 05~10cmel AR AR y@atA dAsted AtdAe £98 A%
W8 : Hgdie A&
<29 328> e AAA REE A& ARE YyEHen, <29 3294 ¢
2 RYEURAE stFAd nAANA FES FHse 4gFEE Yl B¥EL O
vlgto] o] ulgo2RE 10cm A% €AXA AA 3

3. 43x3 2 24903

(a3
ieid
_3..‘_l,
flr
&
i
_3..‘_l,

24 @A Toe 20 @F2olM Brhstdth F52el Fel 9
e 293X E BAsd B 4¥e A3 9A1EL 003 olWE #XF F F2A A

a .
g @ide] ulg BFete APl FARY AFE BT nHsd dArs
WA A™olA HuEA] Fe 279 FASRE AL R AT A9 F 6=
A BnEe F7] 15%4A 10.6cm, 12.7cm, 150cm 2832 F7] 2.0ZA 10.8cm,
128cm, 144cm2 WHART. o £ BI4U AZNE F71 20%, B2 14429 7
g AgAH R AL

WAl A9 wig AAbe 16009, AL B9Ae ToedA 30cm 131 4F/FS
Aol ¥ FIH A= 5lcmel AT

HAMT 3L, At 9, AMEES, 55, #EHe a9 2 dFEHE FAA AF
o RE AZEL 29 4004 7SS Ah

F5ege <9 326> B2l 48 F 13A A 3159 2€A SAHN 5 2
A AgolA FF 284 ASSAT

d-walste] Belx HaArwel 712" 38wl 93t $98%HMasard and
Funke, 1980; B 5, 1990).

Agsare Addng FF2dMe a3z rol Pt
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A3HE 48478 2 £4
1. A& S48 Ase 33
A LHEY $AL ABE T80 04322 AN A$ng A Y A7
FHE AN Y BFsEg wle FIsith wEbA, ol ALE JeA S 1Rz #1137
Ast] AZFEF A E AL F HAES S ADgang FId FF <& 33.1>H

<3.3.2>°l v,

<E 331> Al¢ AFo] wE HHAI &Y HlE

o | Hem F7EQ.77 cm® /W) A (em® /)
EYE A |REE o1F 0.65 2.23 4.04
106 0.201 0.187 0.202 0.157 0.191
1.5 12.7 0.198 0.188 0.195 0.188 0.202
15.0 0.180 0.201 0.204 0.199 0.195
10.8 0.279 0.330 0.285 0.303 0.317
2.0 12.8 0.327 0.334 0.314 0.330 0.335
14.4 0.325 0.339 0.327 0.331 0.329

<E 332> Alg AB WE FGIuH9 v

6 | Heam FNEQTT cm®) A em®)
EPE AA | Y E o4 0.65 2.23 4.04
106 0.023 0.020 0.019 0.024 0.026
1.5 12.7 0.029 0.025 0.034 0.036 0.024
150 0.033 0.028 0.045 0.045 0.033
10.8 0.082 0.070 0.100 0.079 0.109
2.0 128 0.109 0.093 0.102 0.101 0.094
14.4 0.120 0.112 0.096 0.100 0.098
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<29 331> ASFEY AALEMH= 10.6cm, T= 1.59).
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<3¥ 332> AS#HEY MALMH= 12.7cm, T= 15s).
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Wave force(kg/m)
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<2¥ 333> AFHEY AALH= 150cm, T= 1.5s).
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<3¥ 334> AFHEY AALH= 108cm, T= 2.0s).
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<aY 335> ASFEY AALH= 12.8cm, T= 2.0s).
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Wave force(kg/m)

Pressure (gf/cm”2)
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<9 336> AZSHUEY AAE(H= 144cm, T= 20s).
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Force(kg)

U >
4
I = e
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] I |

| 1 |

| | i

54.5 55.0 55.5 56.0 56.5 57.0 57.5
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<a¥ 337> dudPdM ASE Y AALY o ( Hs=13cm, Ts=1.58s).

B 33 2 F7)d g Adsdg A2 S38 9y 3F

<¥ 333>ce Hn % F7)dd wE AtdeA e Hd FHa, HuFY, AFTAZ
A Foge] 44 ®H FREYHY AHFHAAL 1/2)9 WEstE YUY 971A, Hi
€ #rzel ¥nA Toe Y AX M ASY ALd /AE dAFILE or e,
He °]& 3749 st3g dRste dedTdaeg on .

THEHY AZd g AEHY JFY v decd] &L F7] 152U Atede o
& 04~059 g2 Eoln, F7] 20 BFolE 0572 v #dT %S B

<ad¥ 338> dAtgel tig AR HoeeAe] vE dArgaY FEE YE
Atk YAz tiE APE Hd Ak vle gt FhEE S A AdFFHeE Fa
ok =y o] Hle F7F &2 ARG FU17F A A Aan ole FU17F dojA

+% Ao gEI7 F7HHS ulwt
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<E 333> AHEFH% s TAZ SAT Y £

Abel 2 R T IEEL
N AP ;% f}(?) ;}fij) Zfi‘.(j @;(d? ba | dk
(cm) (kgf/m) | (kgf/m)

109 19.3 123 | 1361 | 551 1.77 0.40

10.2 17.8 112 | 1453 | 564 175 0.39

106 10.6 185 115 | 1432 | 534 175 0.37

s 185 117 | 1415 | 550 175 0.39

12.9 21.0 135 | 1553 | 681 1.63 0.44

124 20.0 127 | 1674 | 1726 161 0.43
15 | 127

127 20.3 129 | 1670 | 697 1.60 0.42

e 20.4 130 | 1632 | 701 1.61 0.43

15.1 228 | 149 | 1753 | 868 151 0.50

149 21.8 140 | 1870 | 893 1.46 0.48

159 15.0 22.0 14.1 1882 | 847 1.47 0.45

- 22.2 143 | 1835 | 870 148 047

104 20.3 129 | 2003 | 1023 | 195 051

10.9 20.2 127 | 2012 | 1014 | 185 050

108 11.0 20.3 128 | 2008 | 952 1.85 0.47

- 20.3 128 | 2008 | 996 1.88 050

12.3 23.1 146 | 2387 | 1206 | 188 051

: 13.1 226 141 | 2396 | 1198 | 173 050
20 | 128

129 22.3 140 | 2354 | 1035 | 173 0.44

9 22.7 142 | 2379 | 1147 | 177 0.48

140 | 247 161 | 2575 | 1340 | 176 052

‘ 147 245 163 | 2705 | 1352 | 167 050

1 146 24.8 154 | 2692 | 1323 | 1.70 0.49

e 24.7 159 | 2657 | 1339 | 17 0.50
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<29 338> YAt AbE Ho sHxke] W3

AAME BAFAANA Tte] HArt He AJFE AMHOA T U7t HE A
ARG 243A w2y A9 Fd&A B F & AEZ A7t S WY F
Az d9 oA AtRAA Y 98 Abdel Z&3te 82 A9 FY f44Y
£ 9udth <a§ 331>~<2¥ 336>dA EE FSRPaHL AAEFr HdvE @ o
ol Hd7t Io. <F 334>9 <Y 339> e AEFEHY FFEAZE A sHHY
e 9a4E JeEh o

<E 334> AtEse e33R A4AHrad)

T(s) H(cm) e A

1 2 3 -l

10.6 2.014 1.796 1.737 1.848

15 12.7 2.033 1.843 1.826 1.901
15.0 2417 2.398 2.314 2.377

10.8 4.358 4.189 4.217 4.255

2.0 12.8 3.302 3.182 3.346 3.276
144 2.719 2.704 2.684 2.702
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—e—T=15s
A —a— T=20s

NN
I

1

Phase lag (rad)
W
1

B

1

1 T | T ‘[ T
10 12 14 1
H (cm)

<39 339> AEsgs sy A

<39 339>cA B o] fZaE F717F  Bde fnrt S ne 4
3 Aasty F717F #L Afole Ozt ISt B¥E HAG 23 AFAY A7)
£ wW$ 2A vehdo & AR A&3E o) FEEHLS AAFA sigro] Ad)
b He ARG e A Azt B BRI AAd REse FAHE AW
Ax e st olell= AA e vhdd R #AAHY Foll mebd AAHAL AbEoA 9
Fetell 7HE 2 9% TE AL FAT W £ 43S A dEd AEFdst £
Bikel 93 Ee ARAA sgte] At He A FHRH Adrt HE A
e} AzkE 92 wig 3dn A AA W F5FE olsEy] AAME P
T a5EA71e A 3As obgd e A 2g AFHA A7 g

B sFAz ASE £4E59 vun
<& 335>~<E 338> sFAZ A% sty 2o Hurt € do & &
g FARER o9 ¥ H FHE Yo, <& 339>~<XE 331> &
o W3R HUPES vusgdr. <a2¥ 331009 <E 33.9>¢ <& 3310>9 =zt
2ES 2YoE BT
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<% 335> STAE ASH 8% Hd sHAHFY FA A%

- - - ¥ (kg/m) S
(s) (cm) (cm) | e @2 & ke
Aoy
109 +13.939 +2.794 14.21 0.20
10.6 10.2 +14.941 +2.587 15.16 0.17
10.6 +15.191 +2.087 15.33 0.14
12.9 +16.026 +1.252 16.07 0.08
15 12.7 124 +17.278 +2.421 17.45 0.14
12.7 +17.612 +1.669 17.69 0.09
151 +17.945 +2.838 18.17 0.16
15.0 14.9 +19.698 +1.085 19.73 0.06
15.0 +19.949 +0.751 19.96 0.04
104 +21.952 +4.841 22.48 0.22
10.8 10.9 +21.201 +5.091 21.80 0.24
11 +21.368 +4.758 21.89 0.22
12.3 +26.626 +4.090 26.94 0.15
2.0 12.8 13.1 +25.29 +5.676 25.92 0.22
12.9 +25.624 +4,758 26.06 0.19
14.0 +30.382 +5.342 30.85 0.18
144 14.7 +30.632 +5.509 31.12 0.18
14.6 +29.046 +5.091 29.49 0.18
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<& 336> 3FAR AST AFe Hd £YPAHHY FA 43 HH

T H Hi rE tee/m) dzg/
(s) (cm) (cm) _—%H‘J‘Q] g e K|
Hd g
10.9 -13.271 -8.263 15.63 0.62
10.6 10.2 -14.106 -8.096 16.26 0.57
10.6 -13.438 -7.846 15.56 0.58
12.9 -15.024 -9.181 17.61 0.61
15 12.7 124 -16.193 -9.933 19.00 0.61
12.7 -15.775 -8597 17.97 0.54
15.1 -17.111 -11.936 20.86 0.70
15.0 14.9 -17.695 -12.270 21.53 0.69
15.0 -17.695 -11.268 20.98 0.64
104 -18.112 -12.603 | 22.07 0.70
10.8 10.9 -19.030 -11.936 22.46 0.63
11 -18.780 -11.852 22.21 0.63
12.3 -21.117 -15.191 26.01 0.72
2.0 12.8 13.1 -22.620 -14.607 26.93 0.65
12.9 -21.451 -13.939 2558 0.65
14.0 -21.117 -17.194 27.23 0.81
144 14.7 -23.454 -17.278 29.13 0.74
14.6 -24.790 -17.027 | 30.07 0.69




<E 337> FA=2 AT ~4F H A HY FA FHIAH

- i - =8 (kg/m) e
(s) (cm) (cm) §+§<§§a PR 3o TRY
10.9 +2.754 +13.939 14.21 0.20
10.6 10.2 +2.671 +10.600 10.93 0.25
10.6 +2.421 +9.933 10.22 0.24
12.9 +3.005 +16.026 16.31 0.19
15 12.7 124 +3.796 +10.016 10.70 0.38
12.7 +3.422 +8.013 8.71 0.43
15.1 +4.090 +8.096 9.07 0.51
150 14.9 +4,841 +6.594 8.18 0.73
15.0 +4,340 +9.014 10.00 0.48
104 +7.429 +20.616 2191 0.36
10.8 10.9 +7.011 +18.697 19.97 0.37
11 +6.427 +19.949 20.96 0.32
12.3 +8.180 +24.122 25.47 0.34
2.0 12.8 13.1 +7.929 +23.705 25.00 0.33
12.9 +6.093 +23.872 24.64 0.26
14.0 +8.180 +28.295 29.45 0.29
144 14.7 +8.347 +28.629 29.82 0.29
14.6 +7.762 +27.294 28.38 0.28
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<E 338> 3I}FAR AST -¥F Hd AR HIY TA FHAY

- o - 5} 8 (kg/m) ey
(s) (cm) (cm) @.;i;kgm PR . 59
10.9 -8.263 -13.104 15.49 0.63
10.6 10.2 -8.597 -13.689 16.16 0.63
10.6 -8.263 -12.770 15.21 0.65
12.9 -10.600 -15.024 18.39 0.71
15 12.7 124 -10.767 -15.942 19.24 0.68
12.7 -10.517 -15.525 18.75 0.68
15.1 -13.271 -16.360 21.07 0.81
15.0 14.9 -13.021 -17.695 21.97 0.74
15.0 -12.603 -17.528 21.59 0.72
10.4 -13.021 -13.522 18.77 0.96
10.8 10.9 -13.271 -17.445 21.92 0.76
11 -12.603 -16.777 20.98 0.75
12.3 -15.942 -17.111 23.39 093
2.0 12.8 13.1 -16.026 -19.030 24.88 0.84
12.9 -14.607 -18.112 23.27 0.81
14.0 -18.613 -17.445 25.51 1.07
144 14.7 -18.697 -18.780 26.50 1.00
14.6 -18.697 -20.116 27.46 0.93
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<E 339> FFA2 FAHT Y HAQEH vl

T . - o} (kg/m) e
(s) (cm) (cm) +43 +8 T8y
Hod3y | HsBY
10.9 +2.754 +13.939 0.198
106 10.2 +2.671 +10.600 0.252
10.6 +2.421 +9.933 0.244
12.9 +3.005 +16.026 0.188
15 12.7 124 +3.756 +10.016 0375
12.7 +3.422 +8.013 0.427
15.1 +4,090 +8.096 0.505
15.0 14.9 +4.841 +6.594 0.734
15.0 +4.340 +9.014 0.481
104 +7.429 +20.616 0.360
10.8 10.9 +7.011 +18.697 0.375
11 +6.427 +19.949 0.322
12.3 +8.180 +24.122 0.339
2.0 12.8 13.1 +7.929 +23.705 0.334
12.9 +6.093 +23.872 0.255
14.0 +8.180 +28.295 0.289
144 14.7 +8.347 +28.629 0.292
14.6 +7.762 +27.294 0.284
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<E 3310> 35 A2 S U AYQEYH vu

- . - %8 (kg/m) -
(s) (cm) (cm) -3 -~ e FHY
Agady | 49499

109 -8.263 ~13.104 0.631

106 | 102 8597 ~13.689 0628

106 8263 ~12.770 0.647

129 ~10.600 ~15.024 0.706

15 | 127 | 124 ~10.767 ~15.942 0675
127 ~10517 15525 | 0677

151 -13271 ~16.360 0811

150 | 149 ~13.021 17,69 0.736

150 | -12603 ~17528 0.719

104 ~13.021 ~13522 0963

108 | 109 | -13211 ~17.445 0.761

1 ~12.603 ~16777 0.751

123 ~15.942 17111 0932

20 | 128 | 131 ~16.026 ~19.030 0.842
129 -14,607 -18.112 0.806

140 18613 ~17.445 1.067

144 | 147 ~18.697 ~18.780 0.99

146 ~18.697 ~20.116 0.929




s $RE 27)e d9glel ~4g F3PY A7ud A dehgth 3
go Hujst B we) FH A7l £YY Yol W TAstA Aolrh & %olok
<2Y 3310504 W9 Ao $HH U A Az wE Avny Yoz
£ %37 FHESE Fhebe APl Rolu, +goRE Fo)v} 1529 AelE 3

7vety F717F 20& M e FAste S BRI

0.8 oo
TI.
1| e "T=15s o
B T=20s
0.6

FZmax / Fxmax
o
BN
1

0.2-
O+——T——T—T 71711
9 10 11 12 13 14 15 1
H (cm)
1.2
(-) dir.
4 e T=15s
B T=20s m
1- m
. -
é | " - m
E e
S 084 W .
é [
LTN-‘ .}'/“./‘
0.6j
04— 7177

9 10 11 12 13 14 15 1
H (cm)

<29 3310> WEFE HAd sHHFG A AHY vax
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3. AEse AZAT 2 ¥

AtA A AET FAAEERE FAFAPI)AA Fgo] Hdi7t He AlFEY =<t
XEE g1 2 FUEE FUY 2 <a¥ 3311>~<3aY 3.316> AAEI A
A sl el micto] wlS md Aoz AMAE wEl fte JAAVE wiS 28 4 F
Aok zElm mete] AFAAA HUZt HATE AMAF ol Tte BXYAFol A<
F A dEvtezz & YeAe AoZEH Ut st FAAA ddrt A9
HAAEA kS S & F U

<E 3311>0T Fste]l AFE AXoA Aozt @ g &4 S5 g o]E2R
B A 9o $£HEHTG AFAEYHS AY T A AMHAAY HdFHH
A AA QT AA AP BAZE L1524 L1 AALRT gtsriel A2y 2
717 3 EHY V1R 453 A ALHUL.

A71A ALdE FHEHL FFAZ ASE AA FEte FHEYH 111 ¥z
g F v ARAT AAEHL AAMY FYPo| nHA ¥ foEE AFAR F
A% AFEYY 1112 vy F= o

A

p5
p4 .
p3 2
p2 10gf/cm

p1

<2d¥ 3311> AHE SAE XS o (H=10.6cm, T=15s).

p5
p4 .
D3 2
p2 10gf/cm

pi

<ad 3312> AHE HSHEX Y o (H=12.7cm, T=15s).
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%ng/cm

<29 3313> AtE F3E ¥ 9 o (H=150cm, T=15s).

% 10gf/cm

<9 3314> At FHEEY ¢l(H=10.8cm, T=2.0s).

f@f/om

<29 3.315> A HFEEY ¢l(H=12.8cm, T=2.0s).

%gf/cm

<29 3316> At B3R ¢l(H=14.4cm, T=2.0s).
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<¥ 3311> Al FHJEE A

T!| H Hi 23 39 (gf/cm?) ?L);}fjlna)
(@ em ) lem oy | o1 | p2 | 3 | p4 | p5 | 4mEa [amey
109 | 123 | 2.821 | 5653 | 7.999 | 4.872 | 1.094 18.199 -27.298
10.2 | 11.2 | 2.653 | 5167 | 7.707 | 4.393 | 1.013 17.055 -25.582
106 106 | 115 | 2973 | 5755 | 7.636 | 4.017 | 0.933 17.507 -26.261
g | 117 | 2816 | 5525 | 7.781 | 4.427 | 1.013 17.587 -26.380
129 | 135 | 3583 | 6.727 | 9252 | 4884 | 0.95 21.026 -31.539
124 | 127 | 3.385 | 6501 | 8.468 | 4.427 | 0.996 19.591 -29.387
Lo 121 127 | 129 | 3.370 | 6.377 | 8.655 | 4.815 | 0.858 19.916 -29.874
Y | 13.0 | 3446 | 6535 | 8.792 4.709 0.935 20.178 -30.267
151 | 149 | 3248 | 6512 | 9733 | 6.071 | 0.841 21.579 -32.368
149 | 140 | 4330 | 7677 | 9.428 | 5.192 | 0.737 23.171 -34.756
120 150 | 141 | 4117 | 7564 |10.131 | 5.249 | 0.651 23.266 -34.900
Y | 143 | 3.898 | 7.251 | 9.764 | 5504 | 0.743 22672 -34.008
104 | 129 | 5596 | 7960 | 9522 | 534 | 1.128 26.675 -40.012
109 | 127 | 5474 | 7.700 | 9.381 | 5.135 | 0.984 26.033 -39.049
108 11 128 | 5444 | 7756 | 9.264 | 4.804 | 0.967 25.605 -38.407
P | 128 | 5505 | 7.805 | 9.389 | 5.093 | 1.026 26.104 -39.156
12.3 | 146 | 6557 | 9305 | 10.775| 6.915 | 0.892 31.277 -46.915
131 | 141 | 5215 | 7.869 10.412 6.858 | 1.986 27931 -41.897
20 128 129 | 14.0 | 5581 | 8276 |10.295| 6.459 | 1.491 28.277 -42.415
Yo | 142 | 5784 | 8.483 |10.494 | 6.744 | 1.456 29.162 -43.743
14.0 | 161 | 6938 | 9.735 |11.349{ 7.999 | 1.917 33.933 -50.900
147 | 163 | 6496 | 9531 |11.665| 8.433 | 2.337 33.569 -50.354
144 146 | 154 | 6907 | 9.712 | 11.103| 7.383 | 1.359 32.972 -49.459
Py | 159 | 6.780 | 9659 [ 11.372| 7.938 | 1.871 33.492 -50.238
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B A XA e ASA) 9 o] Egte) n)ux

<E 3312> AT AN Ao AF29 o5 vl

= 2
T o H , P3 ﬂtﬂﬁ}%}‘(gf/cm ) e e
(s) | em) | (cm) R 080max | 087" max AZ(C)
(A) (B)
109 - 12720 | 12.324 7999 | 1590 | 1541
106 102 - 11904 | 11.186 7707 1545 | 1451
10.6 - 12.370 | 11538 7.636 1620 | 1511
BE | 0167 | 12343 | 11683 7.781 1585 | 1501
129 - 15326 | 13461 9.252 1656 | 1.455
15 | 197 12.4 - 14732 | 12676 8.468 1740 | 1.497
12.7 - 15088 | 12.865 8.655 1743 | 1.486
HqF | 018 | 15049 | 13.001 8.792 1713 | 1479
15.1 - 18.136 | 14.870 9.733 1.863 | 1528
150 149 - 17894 | 13976 9.428 1898 | 1.482
15.0 - 18016 | 14057 | 10.131 1778 | 1.388
#0201 | 18015 | 14.301 9.764 1.846 | 1.465
10.4 - 13832 | 12.865 9.522 1.453 | 1.351
108 109 ~ 14498 | 12676 9.381 1545 | 1351
11.0 - 14630 | 12784 9.264 1579 | 1.380
7 | 0330 ] 14320 | 12775 9.389 1526 | 1.361
123 - 16408 | 14626 | 10775 | 1523 | 1.357
00 | 128 13.1 - 17476 | 14057 | 10412 | 1678 | 1.350
129 | . - 17208 | 13976 | 10295 | 1671 | 1358
#0334 17.031 | 14220 | 10494 | 1624 | 1.355
14.0 - 18746 | 16089 | 11349 | 1652 | 1418
144 147 - 19684 | 16305 | 11665 | 1.687 | 1.398
146 - 19550 | 15357 | 11103 | 1760 | 1.383
Mg | 0339 | 19327 | 15917 | 11.372 | 1700 | 1.400
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<E 3312501 Ao A5W ANA Aoty AZAs lEHoE ANE GFEL
AR 52 WAL(K)T B ADHAT o KA 087 & ARAN AST 4
BEN 2 o ® 0183 AT BEQoIT W, 0gnu s AHAY Hos 99
shgtol Abmbmsh AAS wAgel wek Z7 ohe 43313 H(3322 ARV
AR e A B(EAFFAE, 1990)] BE FetolTh o714 4(331) 2 H(332E F
HolgolBn B2k olft o AL 97 ofoltiols] WAl BE B ofz HAA
YN ddez AFE Aol gr] Wl

oo~

(14 Kg)(1+ cos B)H pay (33.1)

Nmax =

P=p0g(7pax — 2) (3.3.2)

A(33DNA B ¥ Jatztelr). £ AP 2x4dAPozN =09 A4t Aok 2
g3 A5d 9x9 BgS ez dtrg 4332904 2=09 A% sF3t.

<E 33.12>°] &9, Apdae A4H oA AlHNAMY HU5E o] &3 24
T AAELS AZFA Y 1B%~1M4BPEEA Bl FddF FFE Bojy AZFXRY
€ ¥ o B%AEY IA JEgT. 9, AR31Y FAEE ol &dd AN o
de AZX 9 145%~190%H ol ABH AZFAEY T8 Fd F 66%F=Y AA
FAE A ol WA AAA Y At FEEE HehE FAHE] Azt AlH MY F
A e 2d2 AHE3E AA 2Este RES W Jd F4E F Jon, geol
FA o)A B31)E ol&ste Afdde & 3 9 Iy AT F A€ LIFL U=
Aolth. B old g AF A7/ L.

<a¥ 3317>2 <FE 3312>9 A4 HUAFAZFEH 7T AGEBFH ASF ggE
€ BEPES Aoz FBAAES dehd Aotk AAAF(RA) ol 0.832A4
e 2 Moz ARES AMACE F AEY F AT ¢ 5 ok
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R-squared = 0.88

4 Y=1114*X+2952

PEN * o

7 8 9 10 11 1
Measuement (gf/cm?)

<329 3317> AN ASFFHAE ALE ¢ ASsge v

W A A Zgste F¥grt 279 v

A71M= AAC WX A FrEr] A3t sAFAE AHEste A9 ATdHAA
oehe ASFste Aee A Aold digtd HEHVIZE Frh <E 3313>F <%
3314>0= 27 AA vX = Ad £REFA g JdAYES ASYH gt AAEG
=3

<E 3313>° 934, B¢t #EAAE HEHA T FHYL FFAR AH AF
3 FEERY 11~2%AE 34 H7hE 3 vk 39, o] A9} <F 33.12>0) A A3
A73E FFsE FAFo|24B31DF A(332)E o) &3 FHHS FI AL B AFPx
A9 HYANME FFAZ AH AST A2FAET} FF 166 x 117 = 19482 & ¢S
d&3tA "t ole A 2ujel JHhE go 2 HA MAdAME ¥FEs] o FHrk
AA sjgect s

<E 3314>A FFAB) sHFste (HHY e ASHHE JE3 olg AF
AERS T oz of7 AAY A4W Ao Fi ARHE XHE nHIHR e
Aotk wetA, JiFAHA HBE HeA P 9 FEE AU AARYH S Mz
AAEAT 8 ANE 7E B AAY 2 F AAHAA S92 Aovt He
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Asp Fade] AAFAG due AE FHOZ Sl AAFT FAFHS o] BE Aol
o =& B9 92 Yt d& £AF AR FFE0] 0430]2E o] J|E F-Hd
0577 &9 d9FZFS FA4 FHE FANAUG. 1A & A5 AFAFoz FE
AFYL F7] 1520 AFode ATAZ 72 @& BXBPEEA FH2 PrieA HH
F7] 2029 F¥dde sA= —T“ﬂ gET 2062 I Hrtsta Ao

<E 3313> AW AoEAY (D) kgf/m)

= 15s T = 2.0s
%3
H=106cm | H=12.7cm | H=15.0cm | H=10.8cm | H=12.8cm | H=14.4cm
5 Al(A) 14.690 16.972 19.197 21.507 25.847 30.020
72 Al(B) 17.587 20.178 22.672 26.104 29.162 33.492
B/A 1.197 1.189 1.181 1214 1.128 1.116

<E 3314> SAUUE HAAY (D9 kef/m)

T =15s T = 2.0s
23 -
H=10.6cm | H=12.7cm | H=15.0cm | H=10.8cm | H=12.8cm | H=14.4cm
35 Al (A) -8.374 -10.628 —12.965 -12.965 -15.525 -18.669
1A (B) -5.373 -6.925 -8.332 -16.174 -18.246 -21.689
(-26.380) (-30.267) (-34.008) (-39.156) (-43.742) (-50.238)
_ B/A 0.642 0.652 0.643 1.247 1.175 1.162

* GABANA ()WY ge FAst ASFAFHR2 78 AP o2A FHS BAFY] A A=

B 13539 A

AdA FEAZ W A2 327 FYR2o2 79 FPSS MTHPOY o] S
ol Zol7h AW ole] FAE TUHA $eL WA HAD. ol Axte AR YR
o FEHL U F olsSA HW AT R sad & UL RO U@ ok 3
23092 Fasolor ¢ dulsd Bad By Ause RAsdo} AT o 9
A ¢4 AANY BI5Pe WS Hetatcior Bk olE AZo] wj$¢ ojFm A
23 weo] Bol 228 B ojud AZAN T AY F 44 DR v Ayl

I
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a3 BAAE v Be AR wgo] Wt

2 Aoy e 1A¥e2 F1=144cm, F71=2020 ZA$E o2 AF5UE A
Z3non A9 I odF <2y 3318>° AAEFAT. 2HAAA &Kol I Fagv| g
9 Saetels 247 <a¥ 326>00M 23 583 3 10de omat &3 dP5E A
He] FEZF ulE olfol] AXHUor AAFd HXFJEE AH m¢A P3g%E FA
5m¢ HEZFS FAAZ AFHT AX o]t

SA e AZE P3IAe Hgte] Hugkol 34 sMETtlM Zkzb 11.349 gff omd?,
11665 gff cm®. 11103 gff cm®Q W +=25¢4A dP5lME 247 10544 gff om?, 10266
gflcm?, 9837 gflcm*2A 9 B2& Fdsi sgo] AZRHE AL ¢ & o ¥,
<29 336> <Y 3318>9 F£HFH Azt Fostn #AIHH F At fE
e 2 Aol Roln Y& ¢+ AUTh

AZNEEL 5 SX2H RAXNEZ AL A Fo|t},

12
D1201503
_1—.—-dP5
—o— dp11
l
B ]
6
&0
4T T

' I
29 30 31 32 33 34 35 36 3
Time(sec)

<Y 3318> 71535 AlF ¢(H = 144cm T =2.0s).
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Ad4d HE L EY
1. d&

A g HEE SEAZ AR AZHY A5t AAA ZYEL S
dg £ ARE AR PR WAL} ALLE BUY W AL A5 PE
& gzt

. FATE ASE WL AGIN YAS, AR Z9, AR B e, AR
of Zgate e @ AA U FIFGE SO A 1 BT
QAT W@ ARAS Ao A vE Hust FHEFE gasH, Fo)7
A58 g

ArEgs AASAAAY Bt £FRGT AgRE A4S 2 YATY F7)7b
2029 Wele Hu9 F7te) wat gasn 3707 1529 dele $ue) Fto we
gatetA Z7he,

L AAG Agete AP G4 Aok AAsts B gol da PP guy A
. &gEol Uzt @ el SFel F¥e 27e FAYY Fgol Bt A Wah
A gk,

Lol AWPF SR Augel 9 A4 4 HUgY wE F77h 1529

A=)
o
>
o
o
ofk
_t{
&3
=
z
oot
4r
o
)
o
Do
=
)
=2
=
rok
(2
DY
2&
0101{:
)
b
=
)
o
=
rlr
._l
N
X

- AN ASE Hd FARSE A AIEY AR|FHAAM Y HgtE AZE <t
B} FE BRAE AW, A2z A AgL AST AUgRg HF 6%HE
A veRdeh

- AN AESE ggez AFd FEIe THAHS ALdIE FAZR A A
% FHAERY 11~2%AE 24 Hrido

c FHOBLE AAC FEte FHAHE TS E Y249 AS dFAR
A ASE FEAERY 28 Y2 ZA Hol A AE fdad.
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» Bgtol AA W2 dEHE AAAAN JEZS TAE 9 s Z 4437 AT

2. E9

» A EAAAE S A 3717} 0015~0.03 mPAlole] BXE JpAY E A
AAE HE FIEL AYH vy 2707 B FI A8 AE ARE A4
At 23 B2 WA AGE HoMe & FAV g A REA AA i 3%
Foll 4 wol7t 2 Aoz dadch M, $F H2E YWY A8 FE 5+ Y
A A8 A5 2V E WA Age] Hasiva gdd
C BN U Bl Fr)o) wet vl ThekstA Wae e wgith wAA FF A7
Me F718 dgstd dgo] FrEojor & ALE Bddd.
T}o

- Aol AHRE st FRFY dAsse A¥ o TATeln B APENA H37t
FAA e gEolerns FF HWU He IFI2A Ev =Y AFLEARA
43 HE st Aol Hasiy EMAS 438 AsME s &2 AR =9

o] 3% Aot}

+FO I 2N AAY FeAEL B FHH W] 2 IFE v AeE %
gEn. mEtA d¥gzde 44 vFS AMES EHeEE S3E FeUt Jdva #d

o
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M43 ZAW BT I 2YS 28 XI5
A1d M E

1. 97 w3 2 984y

o) AAA wuAE AT =W B AAH AAVAL £E57] JeAE
g e S£E%H g29 AR 228 B2gHoz aHsdor T <1
41.1>.

o FH&H 84
NALS, ADE, W A0E, WA Ay
o EFATYY 22
gol AR BF (WA 2 ALEF), A% Y L A%

Edgstd gt B4 AAe HAe BALS Jon) FFAL setsts] 93
NE QAbstel Qshed wokAl Aol ZEHE AL PG ARstelol @ A kel
XY AEE AANE ANRALRS, AN BFL ARy dANE SPYR
2 AASIor BT B, Ao BEWAMY FFARAL AEHY] AHME 1 W
o #FEYARI 2FAG

Gee AREY) A% AAYA AE2A BdA 9% AANE BEFYo Fe
1 AANE Be S5%e AR £ ¥ AdRY4R e AAE & AT 19
g, dubhel Faba) dnAst 23R o)FolA LS 7t w, AA AA g
e dge AARAAY FAYRWR ohet FIAAL shRE a2 n HFo)
oste] YR Agsts BHYL TFHoT mestodor Bk Asrt VA ¥
= 2AGA BnAe g BERE A AMAA FEHe BYe AN A
Sabde] agake Wty AMNRAMN LsE stFAD BAY, a0 AAAA
Fgae BIEYPoe FEY & Y

2
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—> - mizictetel M

1

2|8 M
=AM HH =3 ﬂnFtl}, M)
J [

HA ok ot

(i, ol HH)

- — | 2359}, gaACK

<9 411> 74 oA ) dAAEA

ZAA A Al ZEste SEHol Ny AR AA WA AN e FLA &
THE 44 FRA4NE 278t AHEAAE AT olEH T 4FH 7|1¥e] H8s
A o, BAstd, @HEME AAE A4 a2l AR R SSuA A A
dte 3 2 44 FHYELES TR ZHeA ¥x F3Al HFF (freeboard)ol
Hiroi 4 Sol 9% &% A5 7 AgIdqu Bu FAA S dHHE HES L e

o IAENNE FuA - 9% FEFE S4se FARE 2as 2T
S ANT 48, FARPAY AR AFE AEsSAT FHHE 229 454
e unE Fxsht AIRge ANAG AP Folrt 4% AE TAFAT<LY
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2.5

n Exp(T =1.23)
— 2.0 — Exp (T =1.69)
o Exp(T =2.09)
B ] Num (T w1.29)
o 1.5+ Num (T = 1.68)
E E Num (T =2.08)
~ 1.0 -
S
0.5 ~
0.0 —

B E&p(T=129
¢ Ep(T=16y
A Exp(T =2.00)
—— Num (T =1.2%)
- == Num(T=163)
Num (T =2.08)

F; (g/cm®)

i <Level 4> W Epd=i2y
—~
s oo P & Ep(T=t6g)
E -1 A Ep(e=209
o | —_—— Num(T =123)
S 40 * === Nam(T=16%)
3 o Num (T =2.0%)
. 4 |
Q5 204 ¥ .
T
. 7_4\-\—'_‘; .....
e
0.0 LA LI B A B

-0.6 -0.4 0.2 0.0 02 04 0.6 08 1.0 1.2 14
z (m)

<29 412> FF5ge AWAS} AZA 9
H3 (H = 012 m) ; 20008d%¢ d+23
oA 2.

ole wuA AAWINY HHY FPRFTE aFHo2 A BIE B A¥n &
Amde) FAZ AR Aol WARel Hgahe Hre WAW sHRR ofye AA
R A vas gAY s d%e vxA |k |

AN E e HEF vHRH0] WS FF HEdo] FAHY AA=AE

AR HE5Re ABE AT £ Y o2 ANTIH0) HeAA Wt G, S
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EPAPL 53 AdH o2 FHEHAE AAE Hetg AFsod AANRRY FFF &
Aol dFse WS ¥ & Utk olgt e WHe oln Hannoura and
McCorquodale (1986)¢] A= v} le™, I o|XF Barends, et al. (1996)&] x]38]47]
ol AH&H71E st

2. AFEH 2 U§

B ATdNE AA4 wuAe 2ddsy dg4e detar] 9% sue AFTY
2oz 7] 1A4dEd 8 AN EE AA D G DA Fese B
He AR £AAANYL £V 2 T S AALLEE o)Ly Y
zRo2A WA AARAN TAtE WY Btg FARFAYA Jste] AFstel
AR B AR AFNES BeR g

- o)xY +YRPAF L £35te] AAHAH L HAME FYETE AX, x84

A4y

- AAL2We et A WRd FEFL Y] AR FANNY £

- AAPE ke, AARF S S, W fYo Agdte vhEY R #A4HY

24714 9 |

- e AN AP} HE, FZ

A2dA AR NE FEF A
1. 7/l8

P AR WY HEFL A4S Astel AAL2WE HEHIZ T 20009
Sol AAG AALLEE YA YRER oliet YA BT} AZIE e 4
Astel 99 AA=AY FEL Tl WAss RaARg HHAPot A
AARRE 25 R FGFHL Adkel AAYRoID FALLRES A euT AN
AAZAES FARPLY) sl ATHE FYHRE o83 AT & 3o, ¥
ARe 1dEe] 4YAHE FES Foge]l BARA Gt Ao BFs Az
Ag AR,
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2. AL AN FHL

7 F A9 4A

<Y 421>A % Zo] FAFHLS BAA WA AA HE (ABBA)Y HAA
o 7oA, BAH ABE HAIE I EAMY FAS A R HNHeE doh 4
dd99 AAEAM 71z N;= i HA BAY BH FE UEdY. dHe MIFAE
RAIA o 2 A3t & AALAW FRoM HEA (x,2)9 432 ArAEFH A
Aede] ny, F Axo A3

z
/T/J
P A N: A‘
N 0%%0 C0%C W
0209, 0%
,90%0 »20%0
20202« 0209,
.\O Nz =

<29 421> FrAEHe H4A.

. AAA #8553
$ABgol v, WA, NHAAo R SRR BAA GRolHY SEXDY

0, = 929 Laplace A4S w3

A7 F70e Fq4e S=XHAE o(x, z;HDE FTUTRY T

3
2,
F-?i
i
o
e
b
i
2

(reduced potential), ¢,(x, 2)& ©| €39 ThA] 2H,

O,(x, z; D S d(x, e 4.2.2)
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g 2o A7NAN, g = FEHIEE, {, = JAEY JAEF ¢ = dAHY dFag
—1°lth 4 (422)5 4 .21 dYsHE g3 2L ¢,(x, 29 tHF Laplace
UAgAL de 4 o).

(%,2) 3% BEFEAE (u,,0), 5 P, 223 $999 5= 07 2o
¢+ g

29, 188 00 —iat

U= =" "5 oz © (4.24)
w,= 0L . 8o 000 i (4.25)
Po=—p%° =0gt, 8, (x,2)e ™ (4.2.6)
re=—L e | = tpe e @2

o ANA A3 H5R
ddus 382 WS, WAL, MR L ARG YB FEe] P A
e SEXAH 08 o838

=0 (4.2.8)
# o] Yed & Qo q7A, BEFFEHEL

(w, w = (92, 92, | (429)
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Cm 0u__1 9P C

ot o ox U (4.2.10)
Cm ow__10P_ Cr

” " 0 oz W& 4.211)

g 2tk A7, # = 33 P = % $5dolth C,e BAHATCH FZYl
HE 2AABAS C,E o145

Cn=1+(1-n)C, (4.2.12)

s zol UEY £ Ao
2l (4298 4 (421003 (421D dYstd #FA4sHE 4 (4213)¢F 22 dyx #A
e 2 & 9ok
Cm 30 P

P, C _
Y ar T p + ” O+ gz=0 (4.2.13)

AAR TN FAEY 2% 5 PE 4 4213)F ol &35ty
,72__1(%%?+% ¢) . (4.2.14)

P__Cnio_ Gy, (4.2.15)

s go] 78 + Ak
4 428)¢ B2 A9 AFTHANY £ AAZAR TR FAzAL %
7}



100 _3n__ 1({Cw d*0 Cra0\. _

s = ot = g( n of +—C ; 2=0 (4.2.16)
Cn 30 G e

o ~ O+gp=0,; z=0 (4.2.17)

ojp] ol A& A}

n a ot

A 02 7veF3td ¥ ®A (reduced potential) ¢S o] &3
(4.2.19)

st Zo] YEL, ol 4 (428)0] U™ 4 (42203 Zo] ¢o] @ Laplace
o] i,

2 2
%x%i n %% —0 (4.2.20)

u=— zf’f" %f g i (4.2.21)
w=— zf’f" %f e i (4.2.22)

gt Zo] "k 4 (42198 9 4 (42149 4 (42.15)¢ HA3A

7= Colop e ** : (4.2.23)

+—i£ aa)) ; 2=0 (4.2.18)

¥



(4.2.24)

Ci/nolth. 7 4 (421998 4 (4.218)° B4

P _gc2§o¢ e mie
Cnt iCsl o, Cy

& 9

s 2. 94714, ¢
9 4 (42258 2L

<,
n

P _
ax P

7} B9 4 (4.2.26)9] &
€3t YErE
Cru= n(au+ B |uu)
19 A71A, a=v/k, B=V Colk,, v=E9 &
C, = T3 559 EA #HEH
atch (1933)= 1

permeability),
069 g& 7F&)olt}. Fair and H

b=
50, B~ 7.7°|t}. %

Aq714, A
2ol AA AL

F3U BEo] ANFY Afole 4 (42102
Z %8 Forchheimer 4 (McWhorter and Sunada, 1977)%
(4.2.27)

4*6]7-117*, k,
|5~ (o]t FEATE A T4

A

(4.2.25)

(4.2.26)
°|

A (Intrinsic

O E 2~
AL

4g e 2ol AN
(4.2.28)

Engelund (1953) 4 (4.2.27)9 o, BE Y
(4.2.29)
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(4.2.30)
q71M, ay = 780~1500 =& I °o]4, B = 1.8~3.6 v 1 oot}

4 (42274 C/e B3 Zo] Lorentz 98 € &3t F+& & vt (Sollitt and
Cross, 1972; Sulisz, 1985).

7 (ft'+T(aV2+3V3) dt)dR

- : (4.2.31)
C, T (ft”VZdt)dR 4231

e 498 guEg. ve FIA WRAAMY FHezA o

V=v (u)?+ (wp)? (4.2.32)

(un, w0 NEDS G4A kAN FEHE (upw)d A2ZRND (u,w)E 4

(422D (4222)E o] &34

s ox - o ox¢ (4.2.33)
wym— 52 00 __ 8% 06 —ic (4.2.34)
* o 9z o 9z o

& Zo] AARAY F Ak A kXY 9¢/ox, 94/dz= BFY BAUANMY 49t 9¢/on
& o] &3t & F U

2 (423D€ ol &3 CE T3 AWM= ARl
X 2

FARHE T FAAT BATAAY ¢t 9¢4/9ne] ol JETT. mA

VE @3 Aok st o] HA

u:
Aol eFHE B £AGHNNE 27102 $9E (A wHs FUud
ol HAtzty wil)ol Watd Madsen and White (1976)) Fstol2 g A &3k 7 o}
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ZATE ol &3AAY (A FFAT, 2000).

g. A=A
(1) AAH AAZH (AB)

AA ABAAMY AAZALE A7 sl FEEHAFHAA AZEF AAEH ALgAR
Z ol&35it}, WA, AALHO YXF Z ASHANAY ASAIIGELS EH3l olE A
adEe AE3 YJAS AAZG. o]lE FHEL FAALSAYHIAN HAAZ AAIH HH &4
AXANA e FEE BA, A AR dHAAMY BAYY piE U 2o 23T
T AT

pi=A;e'” (4.2.35)
A7NA, A9 e A AH jolAe gte AZH AL gmE (j=V-1). dF,

A AFAIdLS

P=(ple '™ (4.2.36)

o] AFFEol Ao 4 (426)F H(4236)0& v¥lA}H, piol F&de FEXHE ¢je
o_ b
b= (4.2.37)
o] 3¢ ¢ F o
W35 AALEGA e A% T
¢j=%j (4.2.38)
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(2) FA1A AAZA (BA)

2~ XL H
T,

200045 AF (3% 00014 A WEe BIFGe FARG 2SS
Basgon FARAAE A9 F4gel ASHA Wtk WA, FAPAAY A

A dEHzHE ded Zo] MAE F Ao
(4.2.39)

¢j=0

(3) Afrrd FAZA (A'A)

Ag5E AAZAL A (42.25)004
(4.2.40)

oItk 4714, $5 49 A% WA wEX o}

(4) vt Az (BB)

WA ARkE £53E 7P,
(4.2.41)

¢j= o

v}, AAFRE LA 74
Green’s Second Identity formula® WFF G| F&3H 2 (4.242)9 2o}

(4.2.42)

N. N
—21; ;= ;Zl Gy ¢i— ,ZlHif é;

o714, i: field point, j : source point
a(d) © i AAHAMY WZ (IRL A AALAANE 7 9 2o
G; : Green &<
H; : Green &9 g Jdn| &3

Np : 99 ZAEAMY F A=



4 (4.2.42)2] Greend AIYE
QE}' ‘Z’}, K,‘=K(i_1)+N,'

@ i:CD 1SZ'SK1

M=

K,

Agaie] AW 19 Aol wWepA

K

301 s s\ SY g
I(Gii ¢i 2 0,6,, j ) l.=$+1Hz/ ;

1

K
+ i=§+l(cﬁ b —Hy¢”)+ I.=§+1(C1 g G'7-Hii) 3
=0
@i: DD K +1<i<K,
K K,
3.0 ) 1 @
I=I(Gij ¢; —H; ¢,§l )— i=§+1 o a8 ¢,~2
K, K
* i=§+l(cii &~ Hip”)+ ;'gf‘:n(cl g G""—H"") 3
=0
®@i: DC K, +1<i<K;

x

I(Gii Ej(l)_Hii j(l)) _

7

K,

_ % @ )
+ 2 [~ gm s b0+ Gy

$3 @
i=§+ (Hii

El_(s))

3 i
L G.—Hilo®
v RO Gt

=0

@i: CC K3+1<i<K,

K —_—
21(617 ¢i(1)_ ij I(l))_

7

+

< @
i=§+1(H’7 Z )

K" —
,-2;;“(6:7 8, — Hyp")

__89_

(4.2.43)

(4.2.44)

(4.2.45)

(4.2.46)



S e P A\
+ 3 (—gEat S Gile® =0

q71A, 4 (4238)0 Astd ¢V =g2/C, olH, A (42390l 23t D=0 o]},

ul, AA8 A P HAY
A 9 Ydxlo] wEt TEF Y (4243) ~ (4246)% FE FehE JehdE,

A,’,‘ B,": F,’ (4247)
I ok A (4.247)& EFOA 2H,

(A Ap - Ay o Aw] [By] [ Fy]

Ay Ap = Ay Al | By F,
: : : : = : (4.2.48)
Ag Ag - Ay - An| | Bs F;

LANI ANZ AN/' ANN LBN_ \_FN_

3 2. A FB (B 24E 3T 2}

oY)

;5 j=1~K; (N, 7})

,(2) ; j=K1+1~K2 (Nz 7H)

@

6,7 i=Kyt1~K; (N3 W)

@ j=K;+1~K, (N, /W)
271 A F AN

NT =N1+N2+N3+N4
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o, e AFs

Ny =N;+ N,+ Ny+ N,

ojtt. &7l WA Mg wAYY Mt T WHE T F U

A3E ey ® AHZEA

1. 8

A 2 dolA EHEGR] WEDRFH WA E Tt AANTEANA Y BFFAH fF&
e T £ doen ol fH HAEY AUARE o &3t AAA FAEte AHE

& 4 otk LoA] ke BEnE slgstd B3 AAH A FLtE 93y, YR
Ao Zgste vhAHat A4, 2 AHAMNY FgHe o FH¥o2 FEEY
ol FHHAAEL <IY 431>0A Ho|xo]l AA AA FH&3e F FHAH F,
F 439y F, 2831 F EHE M E TRANAY. IFANAN XpF Zp2 44 4
7 z U3 ZHWE #Zo] (Moment arm)elth. £ RN e 755y HHe 4
2L AP ES 2RI AT Wyl dato 7&sr2 @

<Z¥ 431> ZAHY oA ZFgshe AnE.
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2. WY ZHI5ge) 24
FapA WE deld golMel BFege A YANE BA Pl SEEA

A ¢, TEoF &t ol dY AAW A AALAE HFHAMY g9 & o] &3}
o th&3 o] AT,

K K
bo= 21Gos $i— 2\Has 4 (43.1)

BE20F54E4E 4 (4.224) 2A31d
P,=pgColp, e ™ (4.3.2)
o9 o] T 4 o WABISLGEL ole] W4Ru APATh
3 5159 A4
7t AAME wtg 9 RaE

AAR) RSE el daAME FANH] 9P ASAGL BAH B 53
B4R FL o AANYLE F 8 oldg 2o AAY & Uk

N,
= g}(p,- e~ sin 6) _ (433)
N, ) '
Fi=— 2‘(1),- e~ “l;cos 6) (4.3.4)
A7NA, ;= BAR ABoA A 849 Zo], ¢ = AAH AALZo|th
Zt gy d e st TAEE WA AXE (Toe) FHY EHE HE (M, M)

e 9o gol AR,
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M= 2 (d+z) Relp; e “Uisind)] (435)

N,
M= 2 (xi=x) Re(p; ¢ ~licos 6)] (436)

A71AM, x, = BFA FAFY x FHEo|H,

g AU v 2 muE
saee AAREY Q4T 58 Aol Ao Gl 4 BT BB 4
2e 4 421009 (4211)€ Fxsd Ben Lo AHAE YUz ARY & Aok

Fl=p Qu dA (4.3.7)
c .
f __ ~f
F,=p A dA (4.3.8)

A71H, AE AA BEAL udT 34 vRAL N, A 299 (3 WH 4,)
o2 TEHIL A (42333 (4230)F Fxstel Az FeHE HBAS FAY,

2[ pgi:ffz( )y A, e ] (4.3.9)
2[ pgg;;,dsz(__Q) A, e—uﬂ] '(4.3.10)

53 8 47 nl@ee] sato] AAR () F9 ol LAGE ZHAEE BEH 2o

M= -—éf\[(d+ 2,)Re {-%f—i( )e Age” “"}] 43.11)
2;[ (xq—x,)Re{ pgg;ff’(—i) Aqe_“"}] (4.3.12)
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o AAUY 449 2 2HE
AL AAHFY G st HEH Yo FAEst= ez Y L IHA
e t&d 2ol 24T &+ I

Fl=o[1=20+c)%
)5 (4.3.13)

= o2+ Coat( L), A
Fi=p[1=2(1+C)% aa

= 2[5+ Cost( L), a0

(4.3.14)

B4 4o st YARE AAY T mdE Yre teF 2,

M=— g(d+ zq)Re[ {p 1 ~2 (14 C)gt %f ) Aq}e -"“] (4.3.15)
M= ﬁf‘(x,,— x,)Re[ {pi;—"u +Cogt B2), A,,}e -"*"] (4.3.16)

q714, C, = F7HAFASIH.

4. 8%A AW %Y 2 2aE
oAl Aol Agshe ¢ FUe Aol LAste Fge gy wo.

N, .
= 2 (0gCitilig) e~ (43.17)
N; .
MY=— 3 (xi—2)R (ogCitlp) e ] (43.18)
"t F 93 2 ¥AE arm
PtAl ARl AEHs F FHe AAY 3, UR 2G93 BYY, 282 Ao

Mol Fde netel g3 go| ARAY.
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F.=F+F.+F! (4.3.19)

F,=F+F,+Fl+FY (4.3.20)
M,= M*+ M*+ M* (4.3.21)
M, M*+ M*+ M*+ MY (4.3.22)

2AE ¥ o] (X, Yp)E & 4295 & mdsase] §8 olgsd e
Zol AT & T

S

Zg= ‘;{: (4.3.24)
A 443 FHAY
1. 18

A 243 38N &AW SHA Y BEHL AFes] Asted FANPS
sgagch. AYe WokA AN L ASse Roz FeHPon, 2000d
5o AT (FFRAR, 200 SAPANN ASHAD wALE, Wge, 4P, ez
2254 S AN B AT BHF A% AR DIEe] ghe AR
A= e Anstze QU7 G AAHAAY AZTIE FAHe] Y IS
Ge ANG e, o] HE 7 5@ FI5ge A2z vasts Ao Huct
SARANN IS = ABHS FAANAA vhReY BHY, 2elm FY 2B
Rel AYH T AAHE Rolw PIrdel de AL RRFo|nt B Fxs|H
N ANG FREREe ABHL AZE Aojgn B & gk 2du, % AL
¢ Ao FHAA AFL B Q7N A=shA] gt |

mo AN
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2. 28 yuH

<3Y 441> EyunAe 4L RoFEo 2 PUaAs 20008 TN ALE
2, $HEAA}F 1

WA el £A Aoy AHUAA} 1 : 1580 ZAHY watA o]

=85 4!
=3
zeropoint ( x,z)
wavet
- —
v
= 93
47
20
35
1 o
GB_’_'_“'"
[ Go. . .
15 /
A

<I¥ 441> 23 WA getAe A (29 ¢ cm)

A9 A Wl o 1409 He 2e Bdoln WARE Ay
F%o] 100 gl TTP 2¥< 2% WA (57 93 cm)o 2 WRHATh +384 Az
d AZe Wolg A% T YBHL Adagen WE A4 F2YF 126 cm,

42 035 mZA]

TIEC] 0498 HHo2 A
3. 49734 2 A%

(NES EE
49 FA2AE AFUWGE ESF o] AXFHo| Y

04mW x 06m HE o] &3t <ITH 44.2>.

olx9 Z34+Z (18 m L x



wave generator
60

_29—.1_1.-
MV~ G1G2 63

AA¥/~7/ =
——Z\AE
303

879 |

<1Y 442> szl 230A % s dA.

. AAE dg9HAS

AAPE b AAME A ES vtz gl SAE dA st A et AAEe] do)
7} 89.4 cmol7] wiEel 3BdA 73L& 9 cm TFLE F 104 (Fig. 41904 G, ~
GE AZsdt SgAE &%) 100 g/cm?Q strain gauge B9 AF&-3tTh A
HASANL RE AFEXAANA 11022 dfen ASF SHEL F3] 40 Hz2 33
z BeAg A E <E 44.1>3 2o

<FE 441> PN FE (G449 : cm)

I4A As 338
Gl (10.0, 5.0
G2 (1.1, 0.5)
G3 (=79, -3.9)
G4 (-16.8, -8.4)
G5 (-25.8, -12.9)
G6 (-34.7, -17.4)
G7 (-43.6, -21.8)
G8 . (-526, -26.3)
G9 (-61.5, -30.8)
G10 (=70.0, -35.0)
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o. 354 A

<Y 44.1>° 5549 AFHEC] EAEH Utk AFFUAE 2dAA Hole
uie} 2ol 2y wmka) o] 3%F (level 2, level 3, level )22 242} 570 (AA a, b, c,
d, 8 WASAT. <F 442> FAHe AL 4 (KO¥ 421>, <aH
441> FA2)& 71Esq 4 MY HEE BAEH,

<E 442> 57 LA FE (D9 cm)
T ¥ a b c d e
level 2 | (-7.7, -87) | (63, -87) | (183, -87) | (313, -87) | (443, -87)
level 3 | (-235, -17.4)| (3.0, -17.4) | (175, -17.4) | (380, -17.4) | (585, -17.4)
level 4 | (-420, -26.1)| (-135, -26.1)| (150, -26.1) | (435, -26.1) | (72.0, -26.1)
4 A=

AP o]RH s= 25 FAsoln sl HE 8 cm, 12 cm 2 16 cm® A7HA
2 agxzen 3t Frle H =12 cmdl
WM E 16%, 28 H =16 cmoll A< 1628 F 420& A=t 44
AHE-E pAE T3] 035 molth & ¥ FA AdE <& 443>3 2.

H = 8 cmdl| = F7171 1229 16x

_98_



<E 443> d4¥s A

5 7HA 8
27 | 24 |azas| #e | a2 [T 99 lganz| 9s |2a=
Test 3
no. T d o k H Ho L Lo C Cg
(s) (m) | (rad/s) |(rad/m)| (m) (m) (m) (m) | (m/s)| (m/s)
1 1.2 0.35 5.236 3.377 | 0.08 0.088 | 1.861 2247 | 1551 | 1.123
2 1.6 0.35 3.927 2335 | 0.08 0.08 | 2.691 3.995 1.682 | 1.398
3 16 0.35 3.927 2335 | 012 0.127 | 2.691 399 | 1682 | 1.398
4 16 0.35 3.927 2335 | 0.16 0.169 | 2.691 3.995 1682 | 1.398

5. AdARe 24

AR AZsgre 2HTe 49Hos HAH

].
B3 o) zuly] AuiAlmle] Adko] e AR T (FEE AEE o] &3 A
Mo sE, AHF T AFAN2EE BFE AA

TAd I FARDY YHAREAN o|&HE It AadY IAFFH 4ot
zero-up-crossing B o] &3t A on, 9442 3 AIdx=AAAM HAA A4
adg vastd AXRE (Toe)ll A Aa1ds 71E€22 Ao Fdo] FIHUE o
A FxAME 4d F 44 FAdsIE 2t 2o gt Alade] W HT
g & 20008% AYPANMAY 75U nE F317] HF zero-up-crossing B AL
dA A AZ dgolgo sloldl2 HE (high-pass filter) & H L3 AF7] AES AA

3ttt
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A5 H ZHAEYH 4 EY

1. 4394

A Alade BAFe tisle] High pass filter® 243 23 R34 #2313
<E 451>& ZF 9ot AladeA 5% AZ3 f4E BTy, AFHOR RE A}
H AY Xs (K29 431> ) B ¢ AZ3 f449 ¥z E <ad 451> ~
<29 454> A AT AG7IA, {44 BoA AAE (toe)ll A FPATEE V)
F02 3 Aot}

<FE 451> HAME d¢ke) A F3 4%

Test 1 Test 2 Test 3 Test4
Sensor

A A A 48 | AF A4 | AFH 4% E 4
(cm) | (rad.) | (cm) | (rad.) | (cm) | (rad.) | (cm) | (rad.)

1 0.13 0.28 2.02 2.01

2 1.13 5.08 1.84 3.63 3.27 3.18 2.83 2.63

-3 164 4.92 2.18 2.98 2.83 1.96 2.83 1.45

4 1.49 4.29 2.27 247 | 259 145 2.82 0.98

5 1.82 3.56 2.0 247 2.95 1.96 3.52 0.51

6 2.14 3.19 221 2.28 3.42 1.85 3.79 0.27

7 191 2.57 247 0.51 276 | -0.12 | 4.26 | -0.47

8 2.19 2.04 1.99 0.27 310 | -031 | 441 | 071

9 2.24 0.37 1.58 0.27 2.33 0.27 3.50 0.35

10 224 0.0 1.82 0.0 2.80 0.0 431 0.0
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6.0 6.0
o~ 50 Amplltudt1 5.0
£
S a0 40
%’ %0 30
3 ’ 20
_E' 20 10
< 10 0.0

00 4——v—y—-v—"7—"T—"+ 10

0.0 02 04 0.6 0.8
Xs (m)

Phase (rad.)

<Id¥ 451> AAbE 3gte] AF R 9439 AAE

W3} (Test 1).

6.0 6.0
~ 50 P Amplitudj 50
£ Phase
S 40 O 40
%’ 20 30
'§ ) 20
E. 20 10
< 10 0.0

09 +——————F—r—7—F 10

0.0 02 04 0.6 0.8
Xs (m)

Phase (rad.)

<I¥ 452> FAAbE Ste] AF3 949 X

M3} (Test 2).
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6.0
° Amplitudj 50

O Phase

4.0

Amplitude (g/cm?)
Phase (rad.)

Xs (m) |
<Y 453> HAME Ishe] AER 9439 A
A3} (Test 3).

6.0 6.0
~ 50 ®  Amplitud 50
& O  Phase 40 —~
2 (o 30 &
g 30 o® P
3 (o) 20 o
E 99 8
g 10 o
< 10 0.0

OO
0.0 i T I Y 1 Y I T i 1.0
0.0 0.2 0.4 0.6 0.8
Xs (m)

<3 454> AAPE Hste] JEFR f49 A
A3} (Test 4).

47) APES & W, AARL we} sderel WEF ggo] T A AFE T 4 Yok 53,
A shae] mlAE WYol skl AFeo] WA AFPANN FF 2A YEE Aol ojde

¢ % gtk

2. FANX A7 HF
FAHN L FRAIH TEE 240 dstd FRHIYeTH (KE 443> FF), <E 451>9

AN APARE YU FRRAT <E 452> FAAM] o848 HFuHSY e B
Az, geiuly FEe ANA RS2 B ATNNE SAH4 dost FaAgARe] 4
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A AAE 71E87] A AoH gEe] 2AHL IA AZHA Fuh 99N 5§ vtFAS
= Engelund (1953)9] 4 (4.2.29), (4.2.30)& ©| &3},

FR Ao ofste BFFEAR Py (s JE 9 20)E Alitete 20008 A¥AA 5
& APATY A <Y 455> ~ <Y 457> EA YT AeH o2 AAX 9 A Y <
XN AE7F 2000859 A (KaY 412> F2)Ro 95 FAHJG. a24d, AeH % 9
X% Level 201 € A¥zdAA ALA7 AFAE A FIAFS & + Ut ols +9
o AXNE AFHoR giXde MYT o] FAZ At HFH RIAY oEXJ} tdi
#gEo]l Vel dEQ Aoz wddd

271 29EAA Agnrt - FIEROe AFAR vige FFYAAM o 2A e S
g 4 At o9} #e AF}E Oumeraci and Partenscky (1990)2] AFZA I M T veERG vl 9l
ot FEdt AA RS ASFdad dg FHHEE <I¥ 458> ~ <Y 4511>9
A Al 8 %t

<E 452> FAHH 9 Jgx2

AL 7Nz A
49 118 +H ol / 1m
dY Ve FH Ao !’ 1m
AR 2 Nyy ~ Ny 20
949 I, Vol ads HAES A4 10 A
AL Il &3 & 7] 0.498
FTFu A FoAFA C, 0
a, 1000.
Engelund (1953)¢] s}&}v] g
A, 25
A 5.0
Fair and Hatch (1933)¢] 1&g B 7.7
C, 0.6
YJEA (TTP)Y 37973 D, 3.35 cm
Ahrens and Heimbaugh (1988)2] a 1.01
X2 & vl b 0.91
Lorentz A E& 9% AA £ 50 7i
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. H p(T-12%9

(:\ 4.0 . & EBxp(T=165)
£ 1 —_— tum (T =125
o 3.0 - \ we= Num(T=165)
\ -

B0 20

<Level 2>

0.0 — ,"‘,- —
0.2 0.0 0.2 0.4 0.6 0.8 1.0
z (m)
10.0
T B ©&p(T=125s)
- 8.0 — @ Ep(T=16s
N L 2
E 7 Nm(T =1.2 s)
3 6.0 — - MNm(T =1.6s)
\ _
oY)}
g

04 02 00 02 04 06 08 110 12

x (m)

10.0
— 1 B Bp(T=129
~ 8.0 — & BO(T=169
g 1 o —_— (T =1.29)
) 6.0 --= NNT =169
8 )] *

4.0 —
~ 3 <Level 4>
mm

06 04 02 00 02 04 06 08 10 12 14

x (m)

<¥ 455> Level 2, 3, 4ollA ZxS¢bae) 948 ¥3s) (H = 008
m, T = 123, 1.6%).
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a ] & Ep(T=165)
NE 5‘0__ \\\ C.- Nom (T = 1.6 s)]
O 404 .
I <Level 2>
~— 3.0 N
\
1 \
Q\‘m 20 — ‘.
10— . \\\\
- 'Y ~~~-__
0'0 T l T .I # Ivl ]--l- I T
0.2 0.0 0.2 04 0.6 0.8 1.0
x (m)
8.0
Py . & Dp(T=165)
C\IE 6.0 \0 == Num(T=1.65)
© 1 <Level 3>
. 404 .
Qp .
S - N
m 20— .
R ] . .
e
00 ) I T I 1 I | I I‘ﬁ 1 [ T I ]
04 02 00 02 04 06 08 10 12
x (m)
8.0
P 1 ® bBp(T=1639
aY] 6.0 — . «we= Nm(T=165)
£ \
Q 1 \
N a0 o <Level 4>
Qp N
S _ A Y
20 '\
= .
J o
~ ~
0-0 T I T I 1 I ) I T I T l |'I T l ] l T
06 04 02 00 02 04 06 08 10 12 14
x (m)

<Y 456> Level 2, 3, 494 354419 AXE ¥ (H = 012
T = 1.6%).
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6.0

—~~ 5.0_; " ® Ep(T=1659
NE i \\ =a= Nm(T=1.65)
= 40— "
\ N \
o) 30 \ <Level 2>
S \
A Y
2.0 — \
T .
Q, . ‘.
10 ¢ ..
J * o -l
00—
02 00 0.2 0.4 0.6 038 1.0
x (m)
80
. [Q Exp(T=1.6ﬂ
—~~
6.0 —-e MM (T=1.65)
A :
£ 1 N
© 4.0 K
L ad \ <Level 3>
R
2.0 — \
Ry ‘e
QN . P ‘\~ X
0.0 T T T k4 1.‘-1- T
04 02 0002 04' 06 08 10 ' 12
x (m)
10.0
~ s . [ & Ep(T-16 s)]
~ N —e- NM(T=16s)
= L1 e
O 6.0 — .
\o\u . ' <Level 4>
~— 4.01 ‘\
A
X AN
20 .
Q‘i i . ’\\
B Y Y
0'0 T ‘ T I 1 ‘ t r T T |j T l 1 ' T ‘ T
06 04 02 00 02 04 06 08 10 12 14
z (m)

<28 457> Level 2, 3, 49X 7+=54me) $1xd W3 (H = 0.16
m, T = 1.6%).
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<39 459> EFU FHAE (Test 2).

<a¥Y 4510> 7544 SHAHAE (Test 3).

<a¥Y 4511> FFLY SHAE (Test 4).
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3. 59 2 xdE 3F

A 3 AolA 7 FHREAE € ZUE AJARJYAPE ¥ EAEE AdEHHAoH
AYFEA Test 3 (H =012m, T = 16 )9l sl 1 F7] WelMg =18 2 ElEl]
AZFEEE <Y 4512> ~ <aY 4515>9 EAEIAT. FHA A AALE ¢FF
o gz yRaragoe] A Y3t Y4 VA A FES BYLE ¥ 5 U
ARG e AAE RHFG vpge Mo FFo] A9 Fdg AU AV|E HAY
1805 Az A7t FAEs] o] o] gtol AL A=l AL A
UEeladge] o AT ARl BHAELe A0 PR A F3] 1
a717k W He % Aoz veyt

—@— Total
—E~ Pressure
~—f3— Friction
—A—

Force, Fx (N)

Time (sec)
<29 4512> FHAHHE ] A|ZHAg (H =
012 m, T = 1.6=).
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Moment, Mx (N-m)

8
o

B
!

-
o
o
]

[N
o
o
]

Total
Pressure
Friction

Inertia

Time (sec)
<29 4513> WA AR g

THRHRAES] AZMHE (H=012m, T =

Force, Fy (N)

1.6%).

Total W
Pressure
Friction
Inertia

Uplift

0.8 12 1.
Time (sec)

<Y 4514> AFAHPE] A3 (H =
012 m, T = 1.63%).
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—@— Total
—O&— Pressure
~—f3— Friction
—A— Inertia .
—&— Uplift

S
o

Moment, My (N-m)
8 o
o o

5

Time (sec)
<9 4515> WA AX|Fo] g
A gHRHES] AZHEI} (H=012m, T =
16%).

Ae6d 248 H2 A

AN BtAd EEXAA R ANGSY Fmel Baw doA AAURAAY 2
3597 HPe 2R A FARLE FYRT FYRYUY ARE o8
4848 AFHUG. SALLE SEHo2 00080 $UF 2de 2, 2N
Ao2A B A BEe $AY S AdoAe YA £eNPE Bl 3
A AZsd +A2dd) dHSHE A T2 SHOT &1 do FAHANL FAL
28 ol gagon 1 29e AA AAY L WRAY SEEAAH o9 TR

A (FEAR)OIH. BAAE vpdRE AFFe] At A7)dME WE R ASFE 8
FAME Tt ZASHUY. AS5Y R AH S Z2AE ¥WE 2 FSEHEES o] 83

o AdsHe. & dFE T ol AFZEEL d&3 2.
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- AN AZRGA YL BAst AAde) BE see] WEH YPHsE 53
Ak E7 AYe YPAEZ WePod APzPd gae FFW Boke
a2 ool Ho) Atast FAHAT. ol AN Hng wReo v 2
@ w4y sawdel BAsy] YRtk ANSE 3 JWYFo2 B o Y
ol AEHE A$7H HsA.

- AR HEo it AL UIFFAnE FHUERILIY ZHge wud 2
3, olgZY] A#FH IAAFEE HaY FTAo. WA, APHez E o B
FAR R ot AtE WESREFH MY L ZHEV FEY A2 #P
o BEE AdEzPdA Aed F2M 9 AL ABAE v A3se 3ol
SAHY Aoz O el AM FHFAMY e HEA A Fon HF
o] ®tutAle] BAQ dABAHAAN B o AN FIe FH Aoz wddn

- SE% SUEE ANE A, FPFHIAE BAD Sge] A FPH e
Ho] Ao FAE 27| USRS Hol: wH, AYRHNE ol o] A
arle wzsy gl dstel A FAH) ARl Ao YREreo
date] AAHE Ao Urhuth WRAY BHHE 3 2 ARG N A3
st HZo] B mEE Ao ey

2 ATN $Y% FARLY fE4e YAAEZ TEE DAY BAR (9%
2% o 2en ANY WRREFY AR oJste] el vk E ATNME UR
FE39) AHA Anl 9HE FUAY BB AW AYARE FARFAY] o
o Azd AYANE ogaarh 2, P WASDL FANYe2T WY 353
2 53 (53, AAE $2)S 27 AN AAE dgde] BB AAFA QA4
B7h BuHo] glojor @tk o8 st I YA L PAA BEEAC GF Fel
49AT7t 95olok @ Aoz wug

W B5F AL AERY] AGA B dFAAE 135de) AYAE ol gt
Atk BIFEE W o, AAE HAe AYE UulA HHHRE, 3, TIRANA
o wh@e, B4, 23 AN FY S BF R 35 ANAHE o8
o ARH7] Hel FIodel hF AFE B (FAHE 3G Aol AT BFHY
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Folgtn & & o 22y, ¥ FEF AFTE AMAT AHY APHL AFA
27t 8 7HY ol& A% FedPol FYHAFF & Aol

£ A7 FARDY AMFHE JAE FAEHE A WEAHE=% i
o 22y, B AE iR 45F 2 AAGEE 730 Y e AdIg9E J5F
I WERMNEZ FE, A FALLEES FEdtdor @t o] Afole AAE &
UBR2M ARFT UM AFRGS AHE3toF T}
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H 5 & =L ZAW Soxiel sig
A1d A 2

AA WAl Bx AAAE <2 5LI>AAM BE Bk go] A E Ee 4%
POz J1ZAE ¥ 3 So BN Ex oFEZoE HEY A ZAAY B
£g ol g3 AGHAER B BEEY FAAZ UE F 3k o] T ANY FAAAE 9
AP ez 7hd edld F4olth BAY HdAE A8 sbed £ Wt €, A
EE Aute] Ado] shgdte, Hlny AA % AFo] olstm, wAtert e FHol
o WHE, AN ARHEE syt BE F Jon uE F49 3o v
AE7E o] 22dvE DAHE Ik 1940dd7AE F2 Ad ARA L o8t
AP A BAAZE AdFHA oY Sl e AFHol BFdo] Aldo]l TAE ALt B
k. ol @ AP WA o] T dF FEA FFe] FEF H dvke A
€ ¢A HUZ, ol& FE7] st 14T 30~508 Y=o ZAEESS ¥ S
T ¥yol ol &HMT olF 552 t& wHse TAYEEFY o Pl HAdA H
fer, 4BE IIFEL ZE |FaREFL /ML HIUT 19509 ZF26M HE
2 ¥ E (Tetrapod)7t 7Hgdd F o] < 28 ANY AAAY Fx271€0] H %
o2 @At HAuh

Q28|
0 2% =
215l B o
eI 4x=3e HIEoI A
—~— SHFDDES Q_ NS £
ACHE
RETHEA o ¥
o= NS n=s
—1 _& $$¢% FIEL- B
) -
IS ¥ P I E AL
(ol oA

<3¥ 511> AFHA BAY AoAe] xF 9 R & FEY BA.
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I F B e o¥EFo] ALY, BAE I HEH dAY AFdeE
d3 HESZET JEAZA 7P ol AAH I Qo BF YA, A, 24 3
3¢ 5 OUF £22 o/ &HT Ut

Aol B woAle] 4A R AMVIeE A #48 Vel £ £ oy, F
dol A& A% Ee Aol A% B¢ Fol AT Arled WE A& A7t
Pasith £ PEA, FLHRA e £T9 ojfd BT Jes THAAA WLH 7
g 2ARAY AAARE ol T AAAT TxH ABAHEE FAA Hu¥ + 3
E €€ Mdste 47 2R W Fasith oE rled Agsl AdMde @A A
Asol Qle ZAMY WAl d&e setstn AAPE ot sy Eo 7te ROl ¥
23ttt & ¢ gk o]2¥ WP Fado wat ARFEE ATFANE BAZA $A
Zhe] FoEI A AL A AAMAC s 1992 ¥ E ‘ASFUTEEL
AEeded, 1992)¢ 7|2A8R F2 AAY dETEE FHOE 57, FEsd 1
A7 doleelxg FESL BAH 54 BAST. olv 19929 °F & 7
A Al BE R AT BA RAle Ak g dE FHE7] 97 J1FEe
2 ol §3t7] AFolUt.
A2AEER] FdE ATANE F5E FolEwolLe] dF FAARE RAHT, £
€ &9 Aoy AL A2 & Hol e F FAH AUen, EF o F
ARt Add e A2E dolHuoladM Ay, FItE kel A
& ATk 23y 712, Ay, 5T 5L @A 7|RAAV g8

AlAY 71 8A4A $o2 AAEAS AFDANM A 7HA] Rg 7ol e
Aol Azeke] d@Ael A glo] o1& whdetA] gk EF dlojEMol~E
B BEHoZ 19929 olF FF, MY EE BTFE A8E 4 AYsFraH 2
ZAbetglon, Ao delgHol e F3tE e EA7F o, @A s FrARl
A Fg T FTHALAENE AT FolEolx & FHgo] EHY, o] A5}
T Bgste Aol MHAT Fos AUFHo| o] A5E EER HIFHVZ FIUL
S ET BF W8l dsiNvt s Jlestgnh @9, dds
TE5E volEMol2g BT AUAY Fde ATAINAL, BA BoA A
23S Fu 4 99 54 " o9 FTAH A4 d3 E4sHH

o
)
R a1
_zi

T}
o,
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A 2d d3AsE 2 As5A4d

1. s

e el 200082 @A & 472709 Fro] AAH o glov), o] F 50747 Wm
4 FEsh 2 Ageweln, YA 42270k ofgolth, AR RTlR Fuel gy
o wet FWAAS FF ol WA WA Ut YWezN yEYPes 1
4, 94X % Tl A4V FVe Vv, YT A AFTGL FYPshe Aol

ol Hu

-2 FUOBA HFFAY F@o] AY - B FITH AHTFHL Y
she Aol - 2YsHe FRoBA HYFAY FBo) AMHAD BY A - =X

#Esle AgFdoz TR 20008 A <2 52.1>604 BE e} #o] FH3lo)
2871, @ <etdto]l 2278 XA o] Utk

3, FE o] EHI AZAHA g AR HE ALF ¥, o)&$¥WAT A
WA A2F %, 2 oY s, ode] dige Had 4E & 22X 2AF
ojgde ZAAZ He A3F ooz FRIH, ALF oFH A3F gL HYFAt
Zgo] @3, A2F AFE A - EXAE BE R F 422709 oY F ojHe =
FFgoE FIHJY A, ¥ F HuA 7RI Z 6979 Fito] Al1F ooz
g glow, 317/47F A2F AR, e 36749 Buto] A3F oJFoT I H
I YLK 522> Fx). o] dFA e vuF AL F4d AAMHe RS &
A g e AdrE Adolate ATEAN we PRV JHAM T P
2 3}

A2 BgAE g ALEE FAGAY FU AMEY BIE 8 HAHE
oA gk ofuEr WAAl, EAl, olUAl, /A, FAA, 28 I T YT £
2 o] &=, o3 AAH EFE vty Y FAHY S AS I g FAjMolet
FA3 ety Z$ e FALE AHEE A tREC] A FAAR
A4=E S & F Utk ol AAIR AZAM ZEAEYD A S T3] 43,
FxAoZ HuF ARl B AAHH, =3 AA E 1A J&o] Bo] s o
A7] WEelgt & + Sk 200082 @A v QAT F 52741me] WA
7} AAdEol gloen, o]lF YT} Aoz ol BW zhzt 35919met 16,822mol
o, o]5 R Eo] AN FAIAZ HAdEo

fr

2 o

i

- 115 -



—— | Example —

@ PAN(HY)
Foreigntrade Porl{28Ports)

@ Horgeongh
Coastal Port{22Ports)

<ad 521> v AFFL dEE.
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REAE

o0

HYREE
Ay jE g K & |3
15 | 8 %8 A S 8 k3
2 ] 2 S RNE ] 2 2 -
5 - ] AMN | s - 5
2 2 - oY | s 13 5
13 s -] A 2 ? -
1 § THoieY I R ? s
B ? s EMY { M 1 -
D Lo | 2N 5 2 &
SO | 15 7 3] RFY | e s 12
el B 5LEPY | 15 2 3
HE: 06 5 V| HEN 6 13 ¥
L CHRIR & 1

522> U AARAYAL 3F) 4=
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A o] AFdA e AR FAAE AHE IRk dFAAE F MR FLF 9
£ 3t WAAE FHLeE A5 E Aoy, dF YAHAS ERANE LU
ol EAl, 39t FAA T AMFAAR ALHAY seEE O TR AAY 7%
o] dA&A h27] Wiolth =g WHRAZ AMHZJ oY FHo| P EFF, <
¥, EX F B 52 ALHAY Y dAdor dPHoz 3¢9 J¥S e FAIE
Tt oy oA dd R ARHES BHYQYCE it T2 EAAR AHHAN
oy Fo| AWE A EE o|PEF ToE BAT AREE HEAE BAAA A4
st ot

YA A AAAY BE AW <E 511>0] B weh 2ol AR FA
S0 AT R AHE B3, 2 9ol BEF IR 279 AN Ex o|PREL o] §
dol 22925 93, Al 2 9 A8 B AEdE 2 339 AN E: o]gBES
oJgdtel BT, YU F AvolE e ErT ok AL EE FIAF 39 A
EE o|gBFo2 AW AL ¢ 4 Uth B FRoE ANEAJES o8 X ¥
B dxste 998 %u PIT2 52 o g3 Bk oAE AN HAA ww
&AM F4, FNNRFY &, FF A FAE, Bx ATHE Sl e 4y 2
ot ot Ae EEsHH gl

of ATANAE HolEMols 75S A% ol A AL B2 FaAAh A A
£32S JBAS TRIHE /FLE AA AY FANEAAE obel IBZ}
NEEe AN GE TEEC Yk A% 238F WA 2HAAG. T2y =9
Agges TRo| ¥HA @& A% A9 AAA LAY unde] EHAZ 7
¢ $E Qe £ EAAZ oSt AAA S BREols Y ulE Ad 58
Ael wolsh st Aaglel AAEZAES} e ASdlE AR Folsh
Mz, AN EIAES Y ASlE AM mHRY wold W¥E gtk J2Fe S
A8 AR F5ol BAY] HBEF AIFANRE, A2 FHARE Foz Tra
Atk &, YHAZ HEFTES AEH A GADE 298 A 25402 4A9
g, 598 2 2707 B2AY ¢43 228 Fo] ojd HBE4 FRAAE 1502
AEART, LAY EES Ha7l Adl W= L FUWUEF GBI B2 HBAe

Fl
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X F59 HEF FAE 7|EAT £ A
YE g M2 AHFE £ A EE IF & e ApeE HAF B¢
ol distde A &dd. F <= 51 =~ 9 gy Awe mE

8 & 201, 422 27| HXE Aoz, a2ln PEAY FRE|V FXNEZIUEY
otExo] Bo U EE AA QY wFEole FATAYES wolE AT 53] HEA,
TEAEA vgH FAE A4 BAS B oz BAAY dM JAE JIAE ¢
A=F s

_,d
2
Yo
H
Yo
ODI

zHe Foom gAE

—
—
V
fo
ol
o
* f“l°
717

3. A3+

S ver AR Ggre) FALA wHAo] thF solawels FHE FHoz AHAMA 9
9HS FHo2 A8E AR 20009T A AP ANHAFLS <F 521>
Zo o]E B 1992 del Hla A Aol MFA FIHEAY AdHAUS T ok
T A HFgol M2 FrlEHA oY, At A AN, J4F, 2xY, BT
g, a1z F9Y F 5Tl AAHRL, MZe] £V, HEFY, Anty, F23, of

2F, Fx3o] FAHAY A1AEE AFolA 19923 ABE JEAER ALEF o]F
E dolgMol 2o £29 g9 U FF £ THE 54 5& Tsta dHolE o]
29 NBEZAS Y] A8 dAHE TF HEYd AEE AMHEE "ot dRe
o, et gt A € AFREE FANIE B ARG Aol L2857 9
A ddE ANEEe 22 HdA%E 28 14 F A4 ¥wAE ALE e
o, =3 22 WAl e 234 e Ao SAFHo2 AFEHAY BAFA
g 3te 5 o8d ZE AEE FRII| AT oH ol AR WEo|th.

A2Ad xR FdE dFdME Alads ATE F3d F5E AllA dolE ol
oA FetE A7 2 XM ANE O ARE V€ AR APESG dF 2esn
FABATE oo Ui A3 A8 FAE At £ IR FE5E AEE B A
M e ArAaPoen, 4 Basjol & A5 BE2& FE39 B AW,
bl 2 owsA] FRERE A o8 EdE 4 #3E WA dx g Pl 19929
olF AME AP NAFT e A8 L 7E AAFGWAN &, By, £H, BF
2 F5E ARE XYY FASL ERIASY, A5 4B A F, 7|EAEA
A5, ANEA A2 R AFAR Fol EAH YT, B BAE A NHE v
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HEE et BAEE Aol ofr] wid dA&Ee 94 7o FUH} TN BE
gdo] vl E A% 5 98 71X Az Ao BV QI FE @A s FFAF A
E gUAEE dHYUS o] &3t §8Hor fA#YINI] Y JVEARE o] &3}
A FukaAd Ao dis) sHolHuol2E FEH3E AL S T Folvh WA 9
Holelwlolx 5 o] FaHW o] Age A TS AA dolgwolxd T
A71E Aol uEAE Ao g wdFHo agx A8 T dFY FAE H3 o] AsE
Ao dolEwo] 2o EFAIFA] gieh. @H 2T ABUl FHE FF F1 29
Bdo] U 7t 4 AopA T FEUUEE JPGYEY R WEEo Ho|EH|o
2o dto]® FIAAA 7hed g dolelst YL dolEuola WA 3 REHoR
o]l &% & U= A

20008 @A AT AEE HHA 9 doje A AHEHFE U <
¥ 521> AAE vt o] F 5274lmeolw, o] F FAgd 35919m, 2T A
o 16,822m7} & Utk AN AGR B, A E AE T HHqA FAAG i3
A2 E FAEIH oY, o]& AHYdS <F 522>0 FE3HT. o] EE BEW 1992 o]
T oA Ad gaA) 22 L 994 2F 58 A% FAE REI AAHASES ¢
F Atk 53] €& FoN watA HAFTAV ddF ez AAHID s ¢ F
o XA gute] wobA o] ¥zt W 2 YA BHE BAAR FVHBGE
G 19973 ) FAHE Al A B (3] FaAHE-, 1997, 1998, 1999, 2000 2 2001)E Fz
o] Astglon, o]& <& 523> A o] FREE WotA dolo WA

S BY By, g5, AFY T 1570 0o WA Zo|rp 1992de] Hs) 19963 ]
#Fold A& & 5 JoH, AAEFg A$ 199239 648molA 19963 E 2497TmE
1849m4 = A& & F Atk ol wHAE FAPAY AV FFAV] dEoly)
Hoh ZF AJAES 3ol AYe By &5 WA gt 2 577 230 9
FolAY FEAHEANA AYHUAY] @& A2 F2I. &, Fxoe ¥HAZ A
AEQ oy A7 dEEEA Usglor W $¢0E BERFAE AL 58 5 &
A& Folnt. o] o) f Fog A3 A5 EF L Ao o ANk
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<E 521> 20008 % @A) XA A HHE

SIOtAIM S ok AlM3E
| Hots® [ stdss | ok | wulH | Xt | SA | A= | B0 | ofyZE
(8) (HE/H) | (m) m 1 CD | m) [((8)](Z)[(#EHm2)

A 626 430,437| 95,845 52,741 115 55,352 31| 31| 8,850
2ogt 581| 422,642| 91,333| 35,919 111| 40,359 31| 31| 8,605
QM e 75| 56,820| 10,802 2,233 21| 1,939 11 2| 1,848
Helst 15 6,951 1,840 240 8 330 2 515
o &+et 16 4,987 16 807

Ef ot&t 1 5,491 1 347

2yg 2| 10,662 472 2 90

AHetst 2 1,068 2 968 1 6
o obe 25, 13,869 3,409 500 3] 1,239 5 696
2xg 17 6,271| 3,020 13| 3,330 145
et gt 4 817 620 300 3l 2,182 28
of =gt 8 3,016 1,089 2,016 8| 2,334 1 58
ZoFg 58, 74,277\ 12,138 504 2 848|
X =gt 17 3,589 2,416 3,126 754 2 52
M =ZE 5 1,359 630 1,961 817 1 35
M= 9| 19,168 1,765 910 2| 1,763 129
S4E 6 620 1,076{ 1,477] 10| 2,421 7
ikl 3 856 122 3 192 3
23 1 454 100{ 1,385 1

7H g 76 226 4 1,151 11
opabet 27| 14,229 4,604 6| 1,749 1 730
Zlsl gt 9 1,869 1,293 122 2 123 1 137
2iket 108| 84,475 20,628 3,919 3l 9,189 15 1,797
2ite 90| 24,772| 8,607| 4,650 1| 1,886 1 379
Ergeigely 44| 44,542 9,516 5,140 2,156 10 907
ek 7 7,171 776 880 1,258

Sl & 15| 23,035 3,412 2,110 1 1 2 206
5358 6 6,388 1,141 1,360 823 1 2 28
SAg 5 4,914 940 2,003 1 1 15
&£xg 6 896 917/ 1,361 2,007 25
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<R 523> BAAEC vEhd 1992 ol F A At waAe] dol

oA Zol(m)

19921 1996t 19974 1998 19994 2000A

Fo 27 27 28 28 28 28
P Eak-ls 2,181 2,233 2,233 2,233 2,233 2,233
ey 3 530 240 240 240 240 240
o AbE
Elj ob3F X X
238(2H)g
e
=24 500 500
2y
2t 271.5 300 300 300 300 300
o{ =& 2,043.0 2,016 2,016 2,016 2,016 2,018
gt
H & 2,981 2,956 2,956 2,956 2,956 3,126
M EE 1,796.6 1,414 1,504 1,504 1,624 1,961
MM zE 648 2,497 2,543 2,553 2,553 910
=A(5F)E 1,622 1,191 1,191 1,191 1,191 1,477
nizk-,
Sz 1,385 1,385 1,385 1,385 1,385 1,385
HH(HSZE)3 231 231 231 231 231 226
o} AL
sl & 122 122 122 122 122
FALE 5,749 3,919 3,919 3,919 3,919 3,919
2408 3,986 4,650 4,650 4,650 4,650 4,650
ZaHe 4,150.54 3,610 3,610 3,610 4,190 5,140
cEk 1,241.10 880 880 880 880 880
Sol & 2,110 2,110 2,110 2,110 2,110 2,110
53 1,346.60 1,159 1,175 1,175 1,251 1,360
= k-1 2,003 1,304 1,304 1,304 1,304 2,003
&x8 1,050 1,279 1,321 1,321 1,321 1,361
27|%
ot 991 1 1,087 1,087 1,087 1,087 1,087
&8 900 969 1,080 1,080 1,400 1,220
d| ol 244.5 245 245 245 245 294
CHZ AT 1,263.5 1,388 1,388 1,388 1,388 1,388
s E
weg
Alojst
ZEAE
L2 T8t 250 250 250 250 250 390
HEZE 1,645 1,775 1,775 1,775 1,814 1,814
HEES 2,776.80 2,568 2,568 2,403 2,418 2,418
shgt 579.5 734 772 772 799 810
MArE st 1,836.50 2,401 2,401 2,128 2,144 2,144
Off & & 800 800 800 800 740
FRHE
F A 574 528 528 528 528 528
TEXE 1,037 970 970 g70 970 1,014
mst 157 157 157 157 157 157
Fxy 1,863 1,158 1,158 1,158 1,184 1,252
=8¢ 184.6 445 445 495 648 648
FETE 1,129.50 882 882 882 898 918
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