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SUMMARY

The purpose of this study to derive the best protection method of
the wundersea transmission line from offshore wind farm in
southwestern coast of Jeju Island. The undersea transmission line is
laid on the seabed surface from the offshore wind farm to the land.

Since the transmission lines are placed on the seafloor, it is difficult
to determine with the naked eye and it may result in damage to
submarine cables due to a variety of reasons such as fishing boat,
anchor, marine construction, natural disasters, etc. For this reason, the
protection methods of undersea transmission line is very important
factors to prevent from damaging to submarine cables. The protection
methods of undersea transmission lines can be divided into three types
. burying methods, direct cable protection methods and indirect cable
protection methods.

The results are as follows. First, it is advisable to apply the
protection methods of burying and digging when water depth is up to
DL(=)3.7m. Second, direct cable protection methods are suitable for
applying the steel pipe in all sector regardless of burying and digging.
Third, under the condition of no burying and digging, there are three
methods of indirect cable protection depending on the water depth.
When the water depth is shallower than DL(—=)10.0m, it is fit to apply
Stone bag(12ton, two line and triangle binding). At the water depth
between DL(—)10.0m and DL(—)20.0m, it is recommended to use FCM
or smaller Stone bag than the Stone bag of 12ton. When the water
depth is deeper than DL (—)20.0m, it is a good choice to apply Rock

berm for the submarine cable protection methods

= vii -
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Fig 1. Global cumulative offshore wind capacity in 2014.
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Table 2. Offshore wind farm development scenarios (unit : MW)
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Fig 2. Long—term offshore wind farm development scenarios(~2035).
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Table 4. Local wind resource estimation results in Jeju island (84M)
SRR e R T % G oA A
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Fig 4. Geological distribution in Moseulpo to Hallym area (2000).
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Fig 5. Offshore wind available zones according to the depth. [6]



AT A Agte] digk 7R digk A% FRE ] 714E 71
AR MAX A HT 3097H(1982~2011) 7AEAAES o4
th [7] oFefl Table 5, 65 EW AlF A A9 7] 54 A8t 7]
& 16.7C, Hi7]2 35.6C, HA7]& —4.2C, AdB+ F5 2
% 26.2m/s(NNW), A< dE A4 1,932.9mm, 1¥ H4<+% 365.5mm,

]

i 20.69, HFLF(13.9m/s01d) 1.74 %2 &4

Table 5. Weather overview in southwestern coast of Jeju Island [Seogwipo, 1982~2011]

T % s A< T = Ad
A TE | ms 26.2 ) 65.6
Chl £ % NNW 59 123.2
R g | TS mis 44.0 <k 7N 20.6
TH O NNE % 455
HEES ws | 29 Zﬁ A | 80
R 167 e | AW 228
7] & =] o 35.6 ¥ A 14.2
4 A —4.2 =3 1.7
e Sl s . 1,932.9 7] & -
d o 365.5

Table 6. The monthly wind speeds in southwestern coast of Jeju Island (unit : my/s)

ol 23456 7 8 9 10 1|12|a
AFES 2829 3230 27 27 2730 3229 28 2729
150 143 157 150 147 170 193 262 167 153 147 133 262
A SW N ENE NNE N ENE ENE N\W NNE NE SSE N\W/| N\W
& 4 | 3L4 250 278 290 268 259 287 440 368 247 276 254 440
AWE S | NE NE ENEWNW N ENE ENE NNEWNW W S | SSE| NNE
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Table 7. The status of major typoons in Korea (2000~2012)

B owsn | owen DO SRSACHN qwin | sy
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1216 | SANBA  2012.9.11 | 19.1 | 129.8 910 56 | 9.14~9.15 | FEaliel
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Table 10. The wave height and cycle in 50years frequency

N |[NNE/ NE |[ENE| E |[ESE| SE |SSE| S |SSW | SW [WSW| W |WNW | NW | NNW

NO | 7

M

AAsta| 7.8 854 10.18 10.27 10.31 10.98 11.22 11.28/ 10.70 8.69] 6.84 518 6.34 7.54 8.67 8.67
T 7] 12.13 12.72| 14.33| 14.43| 14.05 14.18 14.30 14.29 13.98 12.81| 11.60 9.88 11.01 12.09 12.94 12.65

87

Ak 715 9.23 10.48) 10.36 10.98| 11.67 11.53 11.21] 10.72 877 6.60 580 5.83 751 862 6.19
T 7] 12.02 13.95 14.99 14.60 14.42 14.54 14.48 14.31) 14.02 12.86 11.43 10.42 10.60| 12.09 12.90 10.71
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Table 11. Damage factors of submarine cable
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Fig 9. Analysis of the causes of accidents submarine cable
(Kordahi and Shapiro, 2004).
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Table 12. The submarine cable protection methods of HVDC Line—1 [12]
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Table 13. The submarine cable protection methods of HVDC Line—2 [13]

<

Lr_L

H 3

o
3

H

2% 0.7kn 7HA)

SeIREER + 2m o A 9 AR

ORAI L7} AlolE Im o) " + W—mattress

i o HA2= 5m o]AFA] 3m o)A miA

g2 9 AT Tt UH;Q]%E Pré./\o] A]—Ajlﬂio N

A=At LHER ST + 1m o)A viA + Stone Bag

!



(3) 71ek =] siAAClE BRogH Ald

= 22.9kV vl siAAClEE] BE= AN ool whe} thEA|RE of
Az BEAF 731 A il 3WE T2 AR, iAdzlols 2m A
ojty. Alojel WA= AClES WS del WA FAE S5 ARk
12 Bdg AAIE ek 777k 1.5m AEE =48t A 0w s
SHAY, 12 FAReR Bed & vides S &8 E skl of

2 Table 14:= WG sjAACIE Hay® A& Ago]lnh

RN
T 2|
EARZE RRE FAE
ZOkE ~ AT | 2m A (H) - - 2.5km
FAE ~ s | 2m A (Y) 1.5m =2+314 - 1.5km
5 5 2m vid (4)
R e B 7 - - 1.2km
_ 2m g () 1.5m =2t 2m =%
e T FEAE | e FRR AN r e 28km
T = Zm UH/g ()
WEE - HE | TR 0.98kn

7 2 4 7 o A sy = 5

S 1,563
DL(-) 2.00 DL()6.00 . T L = T sm-o s0

2,000 |

<
oonr

DL(-) 6.00 ~ DL(-) 40.00

TR0 DL(=)2.0"DL(-)6.0 | DL(-)20.0 "DL(-)40.0 | DL(-)8.0"DL(-)35.0

TR A 34.0 / 3,440.0 2/484.0 / 2,716.0 488.0 / 3,204.0

ARk A o ek

_15_



2) e At

AAClE Ry o] AtdlE A¥EW, sAAolES I® ¥ Hs=
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Table 16. The examlpes of international submarine cable construction

AlolE Al 71et FAR}
e -
s o | 82 | 2A | Dol | # | gy |
&v) | OMW) | (mm) (km) (m)

Skagerrak Strait C/S Skagerrak
(Denmark—Norway) 250|500 800 125 570 (10,000 ton) C

280| 370 - 33 400 DC
Canada—Vancouver C/S Skagerrak

525| 1200/ 1600 39 400 AC
Cross Channel 45

_ 2701 2000 900 X4 60 ITM Venturer DC

(England—France) %9
Fenno—Skan C/S Skagerrak
(Sweden—Finland) 400] 500 1200) 2001 117 (10,000 ton) be
Long Island Sound 13

345 7501 2000 X4 40| Giulio Verne AC
(US.A) %9
Konti—Skan C/S Skagerrak
(Sweden—Denmark) 250 250 625 67 80 and Goliat2 I
SACOI
(Sardinia—Corsica, Italy) 200 200) 420 19 500 be
Tsugaru Strait (Hokkaido Hoshomaru
— Honshu, Japan) 250] 300 600 43 300 (7,500 ton) DC
Cook VibrO—Hydljojet
(Inlet—Anchorage) 250 600 520 39 255 glaebdle Burying AC
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Table 17. The submarine cable protection methods (International)
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o ¥4 1S Aol
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Long Island Sound
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olm "2 (4 11m olsh
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0FE FACITNE All)

o270 0.7m " (Armour 7 8mm)
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(Sardinia—Corsica, Italy)

-2 A
a2

o0®7 : 50m7H4 200ton 5 TEE A

Tsugaru Strait
(Hokkaido— Honshu, Japan)

01.5~2m "d+74 3 (~45m)
o FHE (G4 65m(Rock) )

oaf A 1.5m v

Cook
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Fig 11. The location of Woljeong offshore wind demonstration. [15]
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HA - il JEje] B3 yfels wiAdr]e]l FRel webA  Burying
(plough), Trenching(Water jetting), Trenching(Wheel cutter), Trenching
(Chain cutter), Trenching(dredging) &°] i, Aol&ES W= e+
73, Uraduct (UP Pipe) 5°] Ut}

S #E JdH9 BRI FHE Rock berm, Side stone dumping %©
31, A3 mattress FEJolli= ACM (Articulated Concrete Mattress),
FCM (Flexible Concrete Mattress), ZF—mattress, ASF (Artificial
Seawood Fronds) S©°] $lth. H3F w3t mattress FEjoli= Concrete
mattress, W—mattress 5©°] %13, Bag 7% H3ZFWeli= Stone bag,
Concrete bag, Mortar bag S°] o, AIEZIAYE JFZo= A—duct,
U—duct F°l 1o, 7|g FHZe AF-dxox Fx&0] Ut [14]
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Table 18. Burying and trenching methods [11]

T e 4 2 2+ A ¢ A
o712 wpd7E o], oitbd Ao A L oA Aefel wke} vl
Burying AH e Aol "ol sk B 9 Ao] B7kssh o &
(Plough) £S5 nidsk= Al(e T A48 22
0 FAR] & ﬂ7}
o¥xAE  FAAOIES 0AY PAY Kb 9 ody PAS Fab 4
Trenchi Water Jet2 o]g o LT st Bs 9 | Z¥of oigt Eﬁ_ Z ok
(VrVenC Jng' ) A ZolwkE mjdsh= o3 Fate] gt 1
ater Jetting 3 5 FHok
0 FAM]E 37}
o¥AE  FAACNES o4y AAY Fal 4| oyAp]E v}
Trenching Wheel Cuttere ©]&,| &9 tfst ¥ 9
(Wheel Cutter) a7 okt wds} ol el sk Alo]
< 34 e 58 9
o X" SAACIES D’\a AAS Fab 9| oFA]E 7}
Trenching Chain Cutterg ©o]g, Tdof tfst 25 —|—’|‘—
(Chain Cutter) g%y Zolnkt wjdst DOLH} e gt 70|
£ 3o 59 5
o3| AAo1 S Aol oAy dAHY Fal W ozl o3 Hul¢7|
AYE AHS F Efel Ust He 9| = 5y A
Trenching A= FHEAY 5) D-l}‘j""ﬂ gk eHgA ¢ ok X]Odc’ "474]°ﬂ %
(Dredging) oEjAAelE TH T F| F A FAs e e 01
AA 22 AE o] o f:ZH
&ao] w471 AA] a7l ZA} 7|7t

Fig 15. Burying (cable plough). [16]
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Fig 16. Water jet equipment. [16]
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Table 19. Cable wrapping methods [11]

T e 9 & A ° A
0 9Je] FAol gt Lol oAy P Fejol]l ot odld dA Fof % 59
o e B3 §5, Bodn Al o g Bo o
T oopFet AAE AR T A F AolE ¥ VFs | odWE Fah Be FoF
04445 3 Tks oofe] 7k AolE B3
% 24 ks
Uraduct oPolyurethane A9 A% | o U2 Fof By 97 o7 29 9 el o
([‘31% ‘Iéf o) oAl B OIS AP o5 A Aole £ & g o}
o A Bsake F s o4uE Fol B FoF
B

Fig 17. Cast steel pipe. [16] Fig 18. Uraduct (UP Pipe). [16]
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Table 20. Stone dumpping methods [11]

BIIH e 2 % 9 A
o3 52 vdEo] QlE oA Fa 2 Ee] of| oddy Fah He Hok
Rock b AAIE et 44| 3 BT 95 0 ZAE 17}
O DA 5} g0 T2 B8 ool 7] BYe] g osjAA AT W, s7ke
A= e HE 95
oa|AAlE ARl of o YA Flef tist B3| 0P Fot BS FoF
Side Stone | SWel == &= FH T 0AE SR o
Dumping o3| AA P WY, 7t
0 ARG 17}
e ﬁﬁ{ .
Fig 19. Rock berm equipment. [16] Fig 20. Side stone dumping. [14]
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(4) 913k Mattress FE BR3¥H] 54
Table 21. Flexible mattress methods [11]
B33y e 2 3 & A
oofe] 7px] HoFel g | nAlolEe] mjdy]o] Sl ol b BT FHoF
ACM E A& o143 e A5 BA Fob 9 &Y oAolE 7] ¥AHH AL
of thet BT $ YAFE B FHok
ogdwde]  ATIZAYE| oAlo]Eo] wjdyo] Sl ol Tt BT HoF
AL 5ol YT wixst Af WA Fob © B oAolE 7] A" AF
FCM o] A% e o gt B35 95 WAES} BT ok
0 QH A U BeAd
H) 3 3 Ale-go]
o EYAE I A | oA B L] Tt oAlo)E l ¥ e
A oAANE HAXA A, d$t He 9 WA & EE FoF
—Mattress 7129 WEZA GRS o 3ARgo] APsh 3 DEHXVW g 37re
B7y 3737
oyl R7E 2 v D*ﬂ% 2] a9 =5 oYtz 2 e AolE X
ASF ES AlE 7ol A oadelxs ddw £ | 3 5 gl
A e A 0d7 BY BE5Y gle

Fig 21. ACM. [16]

Fig 22. FCM.

(5) ©ek3lk Mattress HE|Q] H3FH &3

Table 22. Tight mattress methods [11]

AR gl 2 T A < A
Concret osjAAelE el A% DQT”LE Fotel gt B o 4w Fat Ei et
onerete ¥ Concrete mattress| & og7A Feb 3 Edel o
mattress = 9281 3y 3 v ok
D“HE\’/V\E e dE | oS AT Rl of| oa AP WY, 517}
RS HAAAA Al T HD $5 oAolEol 7] xdd 4
W-mattress | 3}°] "J’eﬂ“ gr oAlolEo] wdEel Q= W7 HH BT z‘%k

3% 9A
B3 ¢

=9l o
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Fig 23. Concrete mattress. [14]

(6) Bag 7% R3Z¥ E4

Fig 24. W—mattress. [16]

Table 23. Bag type methods [11]

nETY e 1 4 7 94 7
s NS EoorE A oA Ea uE 0% | o E5 wg Hob
o) el Gobq Aol oaldAA] oHe| that oBAS T B Hok
Stone bag | Adukel Axak= Hel | e 9 oSAA T WY, Frke
Mz A AD 039 ngpHos Ag
Thsatn) By oo
orb) A4e] ZIEE(X] | o AZ 79 8ol oaEHE =3k WG Hok
Concrete HE+EY+AD) S ¥ odxXE Hslol] YA A]| o FAW]E 17}
bag 1A T 5o AR ¥ s
sk e
oubdjatEe] meE (A o AE 79 go] oUPREE ) ke eg)
ﬁgt“ Ernd)s Uu A osjdAE wEd WA Al ue o

T ol AAske I

s 7Fs

o FAME a7t

e

Fig 25. Stone bag.

[16]

Fig 26. Concrete bag. [16]
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Table 24. Reinforced concrete structure methods [11]
HorR] e 2 3 4 A
o ZeIAEFTRE 72 oA b SR it 02 FYOE 7wl &
S o] A

Bo| & ZRFA ofx| Ko oL ko] o
A~duct gee] T2 oUpFEE gl A Fet osfAX Y WY, svke
of tfg B3 95
o 444 FAAE A
DIPYAREZARE T2 0y F7] Tl tist othgdA S BT Hot
U—duct =9 & THEA olet BE 4 0 A dellA FHel
7h o4 gEQl 72E oAl 3 e Ax 7FeAd w5

sHAA T W, arke

U-Duct & Bt £

Fig 27. A—duct. [16] Fig 28. U—duct. [16]

(8) 7et def B3z

Table 25. Protection methods (etc) [11]

2e3y LKL Cl @ A
oAUt U-duct7h 3 o3t o Qlgh AR 7hs | ool oe] Algd B¢
G gel] 93 A= A ol ke 2 (Bl | wEar] A9 4L
—AFAx | edAAClE BES AT 0ad 479 b 9 F| odAE gn AQ
ol A%& T+ ol tiF HE 5 o FAE Wb

Fig 29. Utility pole mattress. [16] Fig 30. Utility ploe — artificial reefs. [12]
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Al et 7ol vk Eo] A okth tiRk 1979d e Alekd siA A
Aol & A FAF o] F FE3] AFALRF FHH O wet FAVIES 4
a
[€)

sto] FFE AA FHAAR AAVE s, A A8 Thed =g
AA71EL Table 26, 273 Tt

Table 26. The domestic standards

B A W 1A - R P
s} 1 o3} 474]7]_,_ Ik} | FTat 2014, 2005
Rl 01%%1 EFAA FE T 2012 S
gk 1 oJa}IA} ATA A E ey 2014 ceE
FRARTAL A ﬁl*e‘—‘%&%‘ gL 2014
FAYE FAA7ENAE A gL 2003
ZIZE FFAA T EH 2009 s s
TZE 7|z AAVE ERTASL S 2014
g=4k1912 (KS CODE) - - ¥ %
FHIA SAAllE A AR () S g FA 2011
A SAACIE FARSLT A = AL 2014 A7)
A Ao FET HatA el A} 2014 v =
HiA sjAAlE AATE () S g FA 2008 °
w3 A7) (DS-5001) EERER 2011
A 2% A 2 1 - - .
7R, 4, AR, 71 5 - - © ©
Table 27. The foreign standards

S T A agds | HLFof
SHORE PROTECTION MANUAL—-VOLI,II U.S ARMY 1984
Coastal Engineering Manual U.S ARMY 2008 | gvkAld
A 716 7IE s UL G0 5] 2007
Subsea Power Cables in Shallow Water Renewable ?g}glll\ggsg 2014 | A7
Energy Applications (DNV—RP-J301) (DNV) e
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Table 28. Selection criteria of protection methods (KEPCO, 2012)
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Table 29. The status of fishing boats in southwestern region of Jeju
[Seogwipo Statistics, 2013.12]
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Fig 31. The artificial reefs area in southwestern coast of Jeju Island. [19]
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Table 30. The status of town fisheries in southwestern coast of Jeju Island

[Seogwipo Statistics, 2012]

Avd | FeE | 9EE I wde skwE | ARE | 7
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Fig 32. Status of town fisheries in southwestern coast of Jeju Island.
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Table 31. The status of onshore fish farms in Jeju Island (2014)
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Table 33. The output of application to burying methods
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(AF4o] 0.5m, FA 52kg/m) 74] 15.1kg/m)
0 ITZAR WA T a4 W & o', UiEAA, A
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Table 37. The output of application to the second protection methods
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Table 38. The comparison of the second protection methods
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Fig 43. The tide and wave cycle in southwestern coast of Jeju (50 years).

Table 40. The conditon of the joining tides by hydraulic model tests

T 7% 4 o 1 7] ZIAIZE
49 20m 7.0m 14.1sec 3A17E
2y 80cm 28cm 2.82sec 364
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Fig 44. The traget area of hydraulic model tests.
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Fig 45. Interval setting by water depth (7EA).

_46_
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-

ddelr 99 9 2o 142 Table 41~43% #i, ¥
1

Table 41. The specifications of rock berm model

T i 4 A A A g T %

a3 354 (1.0m/EA) 1.0m’ 1.24m 2.65ton
AF(0.03m/EA ©]3}) 0.03m’ 0.38m ©]3t 0.08ton °J&}

o 3 3|84 (1.0m/EA) 64.0cr 4.96cm 171g
AF(0.03mY/EA ©]3}) 1.92cm ©]3} 1.4cm ©]&} bg ©]a}

Fig 46. Standard cross—section of rock berm

Fig 47. Rock berm model.

Table 42. The specifications of FCM model

E HELE TIEHAEE HELE == e
= (14EA) (42EA) (14EA) (1Set)
AAE 110kg 125kg 110kg 8,464kg
= (0.5mx0.5m) (0.5m*0.5m) (0.5m*0.5m) (2.5m % 7.0m)
= o 0.7¢ 0.8¢ 0.7¢ 528.5¢g
- ° (2cm X 2cm) (2cm % 2cm) (2em X 2cm) (10cm X 28cm)

#AHHo|E
(D=160mm)

Fig 48. Standard cross—section of FCM. Fig 49. FCM model.
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Table 43. The specifications of stone bag model

T % T 2 A& 7 %
8TON/EA 3.0m 0.7m 8.0ton

A 10TON/EA 3.2m 0.8m 10.0ton
12TON/EA 3.3m 0.9m 12.0ton
STON/EA 12.0cm 2.8cm 512¢g

23 10TON/EA 12.8cm 3.2cm 640g
12TON/EA 13.2cm 3.6cm 768g

s Aol &
(D=180mm)

Fig 50. Standard cross—section of stone bag. Fig 51. Stone bag model.

W remgAYe wEd W 24 24004 o Table 449 Lol F
=

Hl =2 Zskel] 23 B35 3ol

=
ojge] A=A AF-E sty 98 Case—1 ~ Case—107H4 o
st S FEstgleon, 1 9l =& 2ASPAME ool Ay sH=A o
5 gsty] 9l Case—11 ~ Case—13S F7F2 $3H3iTh
Table 44. The case of hydraulic model tests
TE O B W53 A 8 e
Case—1 8 ton
Case—2 19 vjd% 10 ton
Case—3 12 ton
Case—d Stone bag 19 Az ;
Case—5 . 24 ozt 44 "
I H )
Case—6 &= 2% W7 A% ,
Case—7 19 A& 8.3~8.4ton/m
Case—8 FCM 19 4% "
Case—9 29 A% 16.6~16.8ton/m
Case—10 Rock berm - 0.5~1.0m’
Case—11 Stone bag 19 4% 12 ton
Case—12 = 2 FCM " 8.3~8.4ton/m
Case—13 Rock Berm - 0.5~1.0m’

_48_



2) AAFAAR Bt Fyrddd dx 3 24

(D da A 23

ot#] Fig 529 HEMe Fo9tal(Hys) & WeEpde, FE42 o
I (Hpad & WEFAT. Table 459 3 AS A3 Foatais 777k A
ok 23~25cmZ AFHATH el 0] vroldSE HEF o] oF
w17} FEHo] 377t [DL(-)7.5m ~ DL(-) 10.3m]ellA Htj7} @
ok 377kl A vk Horh @ g ol o] 277 9 17k
A stazh 3A it FYUEREAEE A ASE Adstas 373
A Fe i (Hys) 31.07cm, HHHI (Hpa) 39.68cmzE YEFGTH 5
3] 2°¢7F W 357 el Air hole T27F A= A9 Feo a2y
ato] s AR FGol| Wl Aek FAH AdE A

%)

X -dir
‘ pr a2 272 | —— olgE =24 22
il 772 532F 372 1722k
T
— Wave gage ’ ‘ ‘ ‘ ’
otn = AH=2 ,
¥ ] 0
0:8m Spectrum £/
e i 67t 547t
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T H H H
L T f g -
1 1 1 1
1 L} 1 1
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Fig 52. The distribution of the wave height.
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Table 45. Maximum wave height and significant wave height by position

oA (H, ) frolukiL(H, 5)
T "B
5 (cm) 43 (m) 2 (cm) 43 (m)
127 0.0m 23.67 5.92 17.56 4.39
0.5m 26.87 6.72 21.68 542
e 1.0m 29.06 7.26 23.91 5.98
1.5m 33.14 8.28 27.16 6.79
577 2.0m 36.63 9.15 30.67 7.67
2.5m 39.68 9.92 31.07 777
47 3.0m 37.82 9.45 29.50 7.38
3.5m 36.27 9.07 27.46 6.87
5771 4.0m 35.97 8.99 26.56 6.64
4.5m 32.65 8.16 26.20 6.55
677t 5.0m 30.98 7.74 25.30 6.33
5.5m 29.55 7.34 23.89 5.97
772k 6.0m 29.38 7.35 24.16 6.04
6.5m 30.01 7.50 23.96 5.99

2) 7% A= 47

T4 A AAFHAR B3l dEFS mA= s Qlxtelnt
AfelM = siAAolE AAA ] F5S 3xkd AR /FEAE )&
ate] AlSatolch Table 469 §5A5 A x¥F F52 2774
) 0.83m/s(¥3 4.15m/s) 2 eSO
0.256m/s (&% 1.25m/s)E #FHUTE FAFEHLS 2734 Ho
0.83m/s (88 4.15m/s) & LEFSETH

Table 46. Maximum and minimum wave speeds by position (cry/s)

) 173 273 373 473 573k
T 00 05 1.0 15 2.0 2.5 3.0 3.5 4.0

x (min) -31.87| —35.88 —37.52 —33.06 —35.11 —33.78 —33.78 —30.15 —25.25
x (max) 64.01 79.39 8297 80.33 57.90 5256 5256 5237 48.36
z(min) -25.70 —14.21 901 —528 -565 —523 -523 —446 —4.46
z(max) 2499 17.26) 1314 1073 983 532 532 533 585
S 64.26  79.61 83.09 81.03 5873 5283 5283 52.63 48.62
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(3) 7+ Cased ¢

Fengag Az

Table 473 7t}

1
-

K

7}

Case

Table 47. The results of each case

Aol Y A obd

Aok Case 1 | Case2 Cased | Case4 Caseb | Case 6 | Case 7
- Stone Stone Stone Stone Stone Stone

LA bag bag bag bag bag bag FCM
= 8.3~8.4
T B 8 ton 10 ton 12 ton 12 ton 12 ton 12 ton fon/m

AASA | 1 Az o] A x o] Mzl | 101 A% 24 24 o] Az

A7 19 4# 19 2% | 19 44 19 34 thzt A% | A A% 14 4%

A8x4d | vjEF H=z | HEE H]=2 H]=2} H=2}

2ok Case 8 Case 9 Case 10|Case 11|Case 12 Case 13 H] 2
Begy  FCM | FoM | pok S]ggge FoM | fock
= a3 8.3~8.4 16.6~16.8] 0.5~ 8.3~8.4 0.5~
B ton/m ton/m 1.0m' 12 ton ton/m 1.0m'
AXGE | 149 24 249 24 - 19 2% |14 2% -
Az H|=2}
27-7F
A4z

_51_




(4) FHEEAY olg&
Table 48¢%} o] Fy|RPFAY o|g-&& WAt st Ay}, vl=3t

oA 1, 2 2 B CaseolA olg @ifo] ST ot

A QrgAgel FAHYh 3TAAME AR CaseolH olg@go] B4

gt 4~777 S H9E= Rock berm ¥HES Ast BE FHo| ¢

ock berm ¥H¥ Zgo] 7t5dd Aow FAdFHTH

Table 48. The dropout rates of protection methods by each case (%)

78 192 27| 37 47 577 67 77| 1| vl
103
Case—1 SB x| 820 857 - - - - - |205
Case—2 SB| » |387 612 - - - - - 150
Case—3 SB| » |343166| - - - - - |121
loi
Case—4 SB @2 53 | 22.1 - - - - - 4.1
o3
Case=5 | *l |SB | 25|32 |58| - | - | -| -1 -]14]8
= o
Case=6 | | SB ,gme| 06 | 21| - | - - | - | - |04 |3
o3
Case—7 FCM Hllgi 100 | 100|500 - - | - - |376
103
Case—8 FOM | 3% | 383 20| - | - | - | - | - |82
2o=l
Case—9 FCM éi 75 | 55 - - - - - | 1.9 | ¥
h
Case—10 Rock Berm | 100 | 100 | 75.2 | 32.7 | 2.3 | 1.1 - 47.2
]_Oﬂ
Case—11 SB | gx |74 20| - | = | - |- | - | 14|
h
Case-12|  [FCM| » | 96 | 54| - | - | = | - | - [22 ]|
b
Case—13 Rock Berm | 100 | 100 | 100 100 | 415| - | - | 67.3
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